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Our Midwinter 
Convention 

That the Midwinter Convention was a success in 
every way is now a matter of Institute history and it 
may not be unwise to analyze the apparent reasons. 

It is customary to have the midwinter convention the 
most serious event, from a technical standpoint, of the 
Institute year and a glance at the program indicates 
that the Meetings and Papers Committee wasted no 
waking hours in the delivery of technical papers of 
which there were some twenty in all. The balance of 
the program of papers was remarkable, covering fields 
of such diversified interests as to bring about a registra- 
tion of more than fourteen hundred. The individual 
papers were original and told of things particularly 
interesting to men in the line of work covered by them. 

The presentation of all the papers was most excel- 
lently done by the authors in a clear and concise way 
in the least possible time. At most of the sessions all 
the papers had been presented within the first hour or 
within a few minutes of that time, leaving the rest of 
the period for discussion which is so essential in order 
that the best may be gotten from them. Anyone may 
read a paper and get much out of it, but when the 
author and his questioners can meet, with plenty of 
time for constructive discussion, then is the greatest 
benefit derived. 

The filling up of a program with many technical 
papers does not necessarily spell success for a conven- 
tion, but a sufficient and diversified list with plenty of 
time for a full discussion as was the case at this con- 
vention, brings a gratifying result to all concerned. 

To the Convention Committee, the Meetings and 
Papers Committee, to the chairmen of the various 
committees under whose auspices the papers were 
prepared, and to the authors of the papers, the President 
desires to express his sincere thanks for the careful, 
unselfish and considerable work in the preparation of 


the convention. 
FARLEY OSGOOD 


Our Standards 

How naturally and with what confidence do we 
pick up our book of “Standards” when some subject 
included therein is under discussion. We are fully 
justified in doing so in the knowledge that this work is 
the result of hundreds of the best minds in the many 
branches of our industry, and dating back to the days 
when standardization was just coming into being. 


When it is realized that over two-hundred well informed, 
thinking men of our Institute are constantly working 
toward the developing and classifying of these most 
essential bases of our work, it is right for us to have 
confidence in the results of such effort. 

The membership of the various committees carrying 
on this great work is so balanced in the experience of 
its individuals as to bring as far as possible all points of 
view to the focal center of every standard undertaken. 
The methods of procedure brings together the latest 
knowledge from research, the best technique of theory 
and the fullest knowledge of practical application. 

The A. I. E. E. Standards as is their scope, are strictly 
on engineering, yet as manufacturing, commercial and 
all applications are based on or governed by engineer- 
ing rules, the wording of the same must be such as to 
define definitely the subject, clearly describe its tech- 
nique, have no ambiguity toward correct interpretation, 
in order that the widest and most practicable use for 
all concerned will be the result. 

FARLEY OSGOOD 


Three New A. I. E. E. 
Standards Adopted 

On January 21, 1925, the Board of Directors adopted 
three additional sections of the revised A. I. E. E. 
Standards, as follows: No. 38, “Standards for Electric 
Are Welding Apparatus,”’ No. 8, “Standards for Syn- 
chronous Converters,” and No. 14, “Standards for 
Instrument Transformers.’’ These revised sections 
of the A. I. E. E. Standards now available in pamphlet 
form at a cost of 25 cents per pamphlet, are part of the 
series of sections, each dealing with a specific subject, 
to be issued from time to time as completed, in the 
course of the revision of the entire A. I. E. E. Standards 
now in progress. A section on “Standards for In- 
dustrial Contro! Apparatus” was adopted May 16,1924, 
and is also available at the same price. 

The “Standards for Electric Arc Welding Apparatus” 
include the following types of apparatus applied to 
arc-welding work: D-C. Generators; Motor-Generator 
Sets (including dynamometers), A-C. Transformers; 
Resistors. The apparatus is dealt with under the 
following heads: scope, service conditions, definitions, 
rating, heating, efficiency, dielectric test, standard 
values for current and voltage, markings on rating 
plates. 

The “Standards for Synchronous Converters” also 
apply to Field Control Converters, Synchronous Booster 
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Converters and Cascade Converters. Frequency Con- 
verters and Rotary Phase Converters will be included 
in another section. 

The “Standards for Instrument Transformers” 
apply to transformers designed for use with measuring 
or control devices. 


Some Leaders of 
The A. I. E. E. 

Arthur Edwin Kennelly, the twelfth president of the 
Institute, was born in Bombay, India, December 17, 
1861. His early education was gained in private schools 
in England and Scotland, and at University College, 
London. 

At fifteen years of age he entered the British tele- 
graph service as an operator, five years later being 
appointed assistant electrician of a cable repair steamer. 
In 1886 he was advanced to the position of senior ship 
electrician for the Eastern Telegraph Company. In 
1887 he came to the United States and engaged as 
principal assistant in the electrical laboratory of 
Thomas A. Edison, where he remained seven years. 
In 1894 he became associated with Dr. Houston as 
consulting engineer. In 1902 he was appointed pro- 
fessor of electrical engineering at Harvard University, 
where he has continued until the present time, also as 
director of electrical research at Massachusetts Insti- 
tute of Technology. In 1921-22 he was American 
exchange professor in applied science to French uni- 
versities from a group of seven American universities. 

In 1895 Professor Kennelly was given the honorary 
degree D. Sc. by the University of Pittsburgh, and the 
same by the University of Toulouse, France, in 1923. 
In 1906 the M. A. degree was given him by Harvard 
University. 

Dr. Kennelly received the Institution and Fahie 
premiums from the British Institution of Electrical 
Engineers, the Howard Potts Gold Medal amd Edward 
Longstreth Silver Medal from the Franklin Institute, 
for electrical research. During the World War he was 
civilian liason officer for the United States Signal 
Corps, A. E. F. He is a Chevalier of the Legion 
d’Honneur of France. 

Dr. Kennelly is the author of a large number of 
electrical books and technical papers, published during 
the past twenty-four years, and is a Member and 
Honorary Member of many American and foreign 
scientific societies and associations. 

He was president of the A. I. E. E. throughout the 
years 1898-1900. 


The Symposium —A Stimulator 
for Technical Meetings 

Engineering is an exact science, but nevertheless 
some of its applications involve certain compromises 
which are more or less matters of personal opinion. 
In such matters, the symposium form of treatment has 
in the past met with such success that it is indeed 
worthy of more universal adoption. Consisting of a 
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series of short articles on a common topic, by several 
authors and accompanied by oral discussions, a sym- 
posium then, quite naturally brings forth an inter- 
change of ideas which is mutually beneficial to all 
concerned, for the opinions of all the individuals are 
interwoven into a unified whole of considerable value. 


Nearly two years ago the Papers Committee of the 
Illuminating Engineering Society decided that a 
discussion on Street Lighting would be appropriate for 
their Annual Convention. In looking over a list of 
possible authors for a paper on this subject, the commit- 
tee found a number of engineers who were specialists in 
this field, any one of whom could be called upon to 
write such a paper. The Symposium form of discus- 
sion seemed to lend itself very readily to this condition 
and accordingly a problem in the form of a question- 
aire was sent to representative specialists in this field 
throughout the country. Each specialist was requested 
to make his specific recommendation for the lighting 
of a definitely described street. The solutions to this 
problem were received by the Papers Committee, 
sometime in advance of the meeting at which they were 
to be presented and the results were coordinated slightly 
so that each solution was in the same general form. 

Following the presentation of these solutions a very 
comprehensive discussion took place. The variety of 
the opinions portrayed in the various problems brought 
forth many comments from the listeners as well as from 
the authors themselves. From such results as these 
the symposium proved itself worthy of commendation 
even from those who had previously been the most 
skeptical of it. 

The symposium idea was liked so well that it was 
later used at the New York district meeting of the 
Society, at which time the many phases of office lighting 
were thoroughly discussed. It is also quite possible 
that future meetings will employ this novel method of 
increasing the interest in discussions of similar nature. 


Such a discussion brings into the limelight the practi- 
cal as well as the theoretical aspects of a problem, for 
costs as well as spacing distances, foot-candle inten- 
sities, and desirable types of lighting units must neces- 
sarily be quite fully discussed since the opinions of the 
participants will naturally vary somewhat on these 
various points. The consolidation of ideas obtained in 
this manner creates a better understanding among 
engineers, which is beneficial to an engineer’s clients as 
well as to himself for unless there is a reasonable degree 
of agreement among the engineers who may be called 
upon to solve the problems of a client, how is the latter 
to know which of the several designs or opinions are 
best suited to his needs? 


It is to be hoped that the intelligent use of the 
symposium in the future will aid in raising the standards 
of the profession as a whole for there are indeed many 
possibilities in this form of discussion, not alone in the 
field of illumination but in the other divisions of the 
electrical industry as well. 


these cities. 


BY B. P. HAMILTON; 


Associate, A. I. E. E. 


H. NYQUIST, 


Member, A. I, E. E. 


Synopsis.—Carrier telegraph systems using frequencies above 
the voice range have been in use for a number of years on open-wire 
lines. These systems, however, are not suitable for long toll cable 
operation because cable circuits greatly attenuate currents of high 
frequencies. The system described in this paper uses frequencies 
in the voice range and is specially adapted for operation on long 


A TELEGRAPH system has recently been devel- 
oped which utilizes the range of frequencies ordi- 

narily confined to telephonic communication. 
It represents a special application of the carrier method 
of multiplexing telephone and telegraph circuits, which 
has already been described.’ 

The new system has been designed particularly for 
application to four-wire telephone circuits. Installa- 
tions have been made at New York and Pittsburgh, by 
means of which ten telegraph circuits are derived from 
one four-wire telephone circuit extending between 
Additional installations are planned and 
under way in which it is expected that a greater num- 
ber of telegraph circuits will be obtained from each four- 
wire telephone circuit. 

Experience in commercial service extending over a 
considerable period has fully demonstrated the effective- 


ness of this system. a 


GENERAL FEATURES 


In a general way, the voice-frequency system re- 
sembles the high-frequency carrier system for open- 
wire lines, which has been described in the paper re- 
ferred to above. The most important differences are 
that the voice-frequency system uses (1) a four-wire 
cable circuit instead of a two-wire open-wire circuit, 
(2) the same frequencies for transmission in both direc- 
tions, (3) frequencies of the voice range rather than the 
higher frequencies used in open-wire carrier telegraph 
systems, (4) a multi-frequency generator instead of 
vacuum tube oscillators to supply the carrier currents 
and (5) fixed band pass filters instead of adjustable 
tuned circuits for segregating the several telegraph 
circuits. 

Fig. 2 shows in a simplified manner the essentials of 
the telegraph system under discussion. Reference to 
Fig. 1, which shows a four-wire telephone circuit,* will 


1. American Telephone & Telegraph Co., New WorkeiNe, Yi. 

2. Bell Telephone Laboratories, Inc., New Yorks Nee 

3. Carrier-Current Telephony and Telegraphy, H. H. Colpitts 
and O. B. Blackwell, Transactions, A.I.E.E., 1921, page 205. 

4. Telephone Transmission Over Long Cable Circuits, A. B. 
Clark, Transactions, A.I.E.E., Vol. XLII, 1923, page 86. 

Presented at the Midwinter Convention of the A ee Ee Bhs 
New York, N. Y., February 9-12, 1925. 
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four-wire cable circuits, ten or more telegraph circuits being obtain- 
able from one four-wire circuit. The same carrier ferquencies are 
used in both directions and are spaced 170 cycles apart. The car- 
reer currents are supplied at each terminal station by means of a 


single multi-frequency generator. 
temeckie ok | ke ae 


make clear how the line portion of the telegraph system 
is derived from such a telephone circuit. As indicated 
in Fig. 1, the four-wire cable circuit uses two pairs of 
wires, one pair for transmission in each direction. 
When a voice-frequency telegraph system is applied to 
a telephone circuit the four-wire terminating sets, which 
normally terminate the circuit when used for telephone 
purposes, are removed and voice-frequency carrier 
telegraph equipment is substituted. 

Signal Traced Through System. A general layout 
of the system is shown in Fig. 3 and, in describing the 
operation, reference is made to this figure. The path 
of a signal from the sending operator to the receiving: 
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Figs. 1 anp 2 


operator, on one of the ten two-way circuits will be con- 
sidered. To produce a spacing signal the sender opens 
his key (shown at the left of the figure) which causes 
the sending relay to operate so as to short-circuit the 
source of alternating current. To produce a marking 
signal the key is closed, which causes the sending relay 
to operate and to remove the short circuit. This per- 
mits the alternating current from the generator to flow 
freely into the filter. This sending filter is so con- 
structed as to permit relatively free passage of current 
of frequency near the particular carrier frequency for 
which it is designed. For other frequencies the filter 
practically shuts off the current. 
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After passing through the filter, the current mingles 
with currents from other channels and all are trans- 
mitted over the line as a resultant composite current. 
After flowing through the line in this mixed-up condi- 
tion, the currents encounter the receiving filters which 
resemble the sending filters in that each transmits a 
relatively narrow range of frequencies in the neighbor- 
hood of the carrier frequency for which it is designed, 
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channels by the receiving filter and (e) their final form 
in the receiving sounder circuit. The points where 
the oscillograms were taken are shown in Fig. 2 at a, }, 
c, d, and e, the cases being correspondingly denoted on 
the oscillograms. 

Carrier Frequencies. The carrier frequencies are so 
chosen as to be odd multiples of a basic frequency of 
85 cycles per second. The lowest frequency used is 


To other | 
Sending Circuits 
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Amplifier 
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To Four-Wire Cable Circuit 


Receiving 
Amplifier 
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and -in that it acts substantially as an open circuit to 
other frequencies. By means of these receiving filters 
the currents are separated and each flows freely into 
its own channel. After passing through the receiving 
filter the current enters the detector whose function is 
to convert the alternating current signals into direct- 
current signals which are capable of actuating the re- 
ceiving relay. The receiving relay in turn transmits 
direct-current signals to the receiving operator’s 
sounder or local relay. 

This sequence of events is illustrated in the series of 
oscillograms of Fig. 4, which shows the different forms 
of a group of telegraph signals in the 425-cycle chan- 
nel from the time, when as d-c. impulses, they flow 
through the sending relay windings, to the time when 
again, as d-c. impulses, they flow through the receiv- 
ing relay and sounder circuit. It shows (a) their form 
in the sending relay and telegraph key circuit, (b) 
their translation into alternating current prior to pass- 
ing into the sending filter, (c) their mingling with other 
similar impulses of different carrier frequencies after 
passing through the sending filter and on to the line as 
a single resulting wave flowing through the four-wire 
circuit, (d) their form after separation from the other 


the fifth multiple of 85 cycles, that is, 425 cycles per 
second. Starting with this frequency, the carriers are 
spaced at 170-cycle intervals from their nearest neigh- 
bors, so that in the ten-channel system the uppermost 


Fig. 4 


frequency is 1955 cycles per second. Each channel 
has assigned to it a range of frequencies 85 cycles above 
and below its own frequency. For example, the chan- 
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nel using a carrier frequency of 1105 cycles has assigned 
to it the range between 1020 to 1190 cycles. Choosing 
the carrier frequencies in this manner and placing each 
carrier midway in the band of frequencies assigned to 
it, has the effect of giving maximum discrimination 
against interfering frequencies generated in the various 
vacuum tube repeaters. As is well known, when a 
number of frequencies are transmitted simultaneously 
through a vacuum tube, currents which cause inter- 
ference are generated due to small departures from 
linearity on the part of the tube characteristic. Some 
of the most important of these currents have frequen- 
cies equal to the sum and difference of the frequencies 
of the transmitted currents taken in pairs. Since the 
carrier frequencies are all odd multiples of the common 
frequency, 85 cycles, it follows that the sum and differ- 
ence of the frequencies are even multiples of 85 cycles 
and therefore are located midway between the carrier 
frequencies. This permits obtaining the maximum 
discrimination against these interfering frequencies by 
means of the filters, of which the characteristics are 
set forth below. : 

The number of carrier telegraph circuits which can 
be derived from a single four-wire cable circuit depends 
on the type of loadingand, to a lessextent, on thelength 
of the circuit. It has been mentioned above that at the 
present time ten two-way carrier telegraph circuits are 
operated simultaneously over a four-wire circuit be- 
tween New York and Pittsburgh, a distance of about 
400 miles (644 km.). This is not, however, the maxi- 
mum possible number of telegraph circuits which can 
be derived from the type of circuit used with thisinstal- 
lation. Four-wire circuits which are loaded with coils 
of small inductance transmit a wider range of fre- 
quencies and are already in use for telephone purposes. 
If such circuits were used instead of the type employed 
with the present installation, at least fifteen two-way 
carrier telegraph circuits could be obtained. 


DESCRIPTION OF APPARATUS 


Carrier Current Generator. Vacuum-tube oscillators 
are the source of the carrier current in carrier systems 
previously developed. In this system, however, all 
thé carrier currents for the ten channels are obtained 
from a compact multi-frequency generator driven by 
a motor built into the same housing with the generator. 


The generator is an inductor-alternator designed to 
generate currents of ten different frequencies in ten 
different magnetic circuits electrically independent 
of each other. The machine has two field coils common 
to all the-stators. The exciting current for these two 
windings is supplied by a storage battery. On the 
pole arc of each stator opposite each of the narrow 
disk-like rotors, mounted in a row on the shaft, are cut 
a number of slots, the number per unit length depend- 
ing on the frequency to be generated. The stator 
windings for each circuit are placed in these slots. The 
rotor belonging with each stator has a corresponding 
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group of slots cut in it but no windings are placed in 
these rotor slots. The result is equivalent to ten sepa- 
rate alternators except that the field excitation is com- 
mon to all. The flux in any stator tooth is greatest 
when a rotor tooth is opposite it and least when a rotor 
slot is opposite it. This variation in flux in the stator 
teeth as the rotor moves induces the voltage in the 
windings on these teeth. All the windings of a given 
stator are connected in series, so the total voltage gen- 
erated in each stator is the sum of theseparate voltages 
in the several windings. 

A comparatively small generator is able to supply 
carrier currents to several ten-channel systems be- 
cause, by using terminal repeaters or amplifiers (Fig. 
3) the amount of energy required to operate each tele- 
graph channel is very small, and no channel produces 
any noticeable interference in another drawing current 
from the same stator winding. The terminal voltage 
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of each stator is 0.7 volt and a current of 40 mils may 
be drawn from it without producing change a in terminal 
voltage sufficient to cause interference in any telegraph 
circuit drawing current from the same set of windings. 

The driving motor is a small shunt-wound machine 
which receives its energy from a 24-volt storage bat- 
tery. The speed of the motor is maintained accurately 
at 1700 rev. per min. by means of a centrifugal type of 
governor which controls the amount of current flowing 
through the shunt field’: winding. As the stability of 
the carrier frequencies depends on the constancy of 
the motor speed, it is necessary that the governor con- 
trol the speed within narrow limits. 

As a means of checking the speed of the generator 
an electrical frequency indicator is provided. This de- 
vice is connected to and indicates the frequency of one 
of the generator circuits. As the frequeney of an 
alternator is directly proportional to the speed it gives 
an indication of the correctness of the speed and also 
of all frequencies produced by the generator. 

Filters. Fig. 5 shows the transmission characteris- 
tics of the transmitting and receiving filters. These 
filters are designed to transmit as wide a range in the 
neighborhood of the carrier frequencies as is necessary 
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to secure the desired quality of transmission and at the 
same time exclude interfering currents, whether they 


te caused by foreign interference, direct transmission . 


from other channels, or distortion in the repeater tubes. 
The principal interfering currents due to the latter are 
located 85 cycles on either side of the carrier frequen- 
cies. The receiving filters have been designed to re- 
duce these interfering currents to about 10 per cent of 
their original value. 

In addition to screening out any undesired frequen- 
cies produced in the generator windings, the sending 
filters have the following more important functions. 
Each sending filter presents a high and comparatively 
non-dissipative impedance to the currents issuing from 
the other sending filters and also “rounds off’ the 
impulses of the modulated carrier wave passing through 
it. The modulation of the carrier current by the 
sender’s key produces what is called a ‘‘square’’ wave, 
that is, a wave containing not only the carrier plus and 
minus the frequency at which the key is operated but 
also the carrier plus and minus a large number of 
multiples of the frequency. Some of the component 
frequencies of this transmitted wave not only are found 
unnecessary in reproducing the transmitted signal at 
the receiving end but also lie within the range of adja- 
cent channels and produce interference in them unless 
screened out by the sending filter in the channel in 
question. 

The effect of the sending and receiving filters in 
“rounding off’? the modulated carrier wave, that is, 
in screening out the objectionable components of the 
signal wave, is shown by the oscillograms of Fig. 4. 
The combined effect of the two filters on the shape of 
the modulated carrier may be seen by comparing oscil- 
lograms (b) and (d) of this figure, which show respect- 
ively the appearance of the modulated wave before it 
enters the sending filter and after passing through the 
sending filter, over the line and through the receiving 
filter. Another interesting point in connection with 
these oscillograms is the time lag due to the circuit 
which is shown by the relative differences in position of 
the two waves referred to above. Owing to the limi- 
tations imposed by the ordinary oscillograph all of the 
traces shown in Fig. 4 were not taken simultaneously. 
This accounts for minor inconsistencies which are 
revealed by a careful inspection. 

Detector. The detector receives alternating current 
signals from the line after the signals belonging to that 
particular channel have been selected by the receiving 
filter. It consists of two vacuum tubes in tandem, 
the first tube (Fig. 3) amplifying the received signals, 
and the second converting them into direct-current 
pulses which operate the receiving relay. The receiv- 
ing relay then repeats these telegraph signals into the 
receiving direct-current circuit which contains the 
receiving sounder. 


To. improve the operation of the receiving relay a 
device called an accelerating circuit or “kick” circuit, 
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such as is used in open-wire carrier-telegraph systems, 
is interposed between the detector tube and the re- 
ceiving relay. This circuit is obtained by introducing a 
transformer whose high-voltage side is connected in series 
with the detector tube and a winding of the receiving 
relay and whose low-voltage sideis connected to another 
winding of the relay. When the current in the high- 
voltage side is constant, there is no current in the low- 
voltage side, but if the former current suddenly 
changes, as at the beginning or end of a marking signal, 
there is a sudden rush of current in the low-voltage 
circuit which has the effect of causing the relay to oper- 
ate promptly and positively. 

Relays. As shown in Fig. 3, the sending and receiv- 
ing relays are of the polar type. These relays 
are identical and interchangeable with those used in 
the metallic and open-wire carrier-telegraph systems. 
They are described in the paper on telegraph relays | 
which has been prepared for presentation at this 
meeting. 

Power and Testing Equipment. In the development 
of the voice-frequency carrier telegraph system, the 
central thought was the desirability of designing a sys- 
tem which would fit into the existing cable telephone 
and telegraph plant. It has been possible to use the 
standard voltages obtainable from the storage bat- 
teries in such plants without exception. 

In line with the policy of simplifying this new sys- 
tem as far as possible, the amount of auxiliary testing 
apparatus was reduced to a minimum. This policy 
has been assisted by the stability of the cable circuits 
and the use of a multi-frequency generator as a source 
of carrier currents. Only two pieces of special testing 
apparatus are used at each station, namely, the fre- 
quency indicator, and a thermocouple voltmeter for 
checking the alternating voltage in each generator 
circuit. 


LINE AND REPEATERS 

As has been pointed out elsewhere in this paper, the 
voice-frequency carrier telegraph system was designed 
primarily for use on small-gage, four-wire cable circuits. 
These circuits are loaded and provided with vacuum 
tube repeaters at 50 to 100-mile (80.5 to 161 km.) in- 
tervals, depending on the weight of loading used. The 
repeaters used in long toll circuits are similar to those 
described at an earlier date.> The characteristics of 
the long cable circuits used in voice-frequency carrier 
telegraph transmission have also been described in a 
more recent paper.® 


EQUIPMENT FEATURES AND ARRANGEMENTS FoR GIy- 
ING SERVICE 


The apparatus which is associated with each of the 
ten two-way circuits in this system has been segregated 
according to function and each group of apparatus per- 


im 


5. Telephone Repeaters, by Bancroft Gherardi and Frank B. 
Jewett, TRansactions, A.I.E.E., 1919, page 1287. 
6. Clark, Loe. eit. 
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forming the same function, such as the detector, has 
been mounted on a separate steel panel. Each one 
of these panels forms a unit in itself. This type of 
construction allows the substitution of new apparatus 
performing some particular function in the system 
without an expensive redesign. Thus, it is possible to 
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install future improvements in the several circuits of 
the system in an economical manner. 

These unit panels are mounted on pairs of vertical 
I-beams and the combination is termed a Davee ne 
bays are of different heights, depending on the require- 
ments of the office in which they are installed. Fig. 
6 shows a line-up of so-called low-type bays (about five 
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feet high) in the Pittsburgh office. Each bay in this 
line-up contains sufficient equipment to provide for 
the transmission and reception of signals at the Pitts- 
burgh terminal of one of the ten two-way telegraph 
circuits. Fig. 7 shows.a line-up of similar equipment 
in the New York office, this layout differing from the 
one in Pittsburgh in that it uses high instead of low- 
bays. Each bay in this line-up contains sufficient 
terminal equipment for two of the ten two-way tele- 
graph circuits. 


In additional to the bays described above there are 
three bays, carrying auxiliary equipment. Thisauxiliary 
equipment consists primarily of control and_ testing 
apparatus for batteries and carriersupply. Twoof these 
bays, namely, the generator and carrier supply bays are 
shown in Fig. 8. This figure shows two of the multi- 
frequency generators (one a spare machine) described 


Fig. 8 


above, and the carrier testing equipment. The control 
equipment associated with these machines is mounted 
on the panels above the generator and the frequency 
indicator is mounted on the panel to the right of this 
control apparatus. 


SWITCHING AND MONITORING ARRANGEMENTS 


The monitoring arrangements, which enable the 
attendant to check the quality of signals passing over 
a circuit or to trace trouble quickly and easily, are 
similar to those now in use in the open-wire carrier and 
metallic telegraph systems. These arrangements are 
described in the paper on the metallic telegraph system 
which has been prepared for presentation at this meet- 
ing and, therefore, will not be given in detail here. In 
a general way it may be said that switches and meters 
are provided to connect the telegraph batteries to local 
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apparatus, to provide either one-way or two-way 
‘service and to facilitate repeating to other telegraph 
systems. 


CAPABILITIES OF SYSTEM 


Field tests over the New York-Pittsburgh system 
have shown that each telegraph circuit derived there- 
from is of high grade, allowing signal speeds of 35 to 
40 cycles per second. That is, with machine sending, 
it is possible to transmit 140 to 160 words per minute 
(five letters and a space per word) each way over each 
telegraph circuit. Considerably higher speeds may of 
course be obtained by widening the frequency range 
assigned to each telegraph circuit. . 


The New York-Pittsburgh system may be used in 
connection with a multiplex printing telegraph system 
and three printer messages may then be sent simul- 
taneously in either direction on each carrier circuit. 
Assuming 50 words per minute as the working speed 
for each of the three printers a total of 1500 words per 
minute could be transmitted simultaneously in either 
direction over the ten circuits. 


A simple numerical example will indicate what is 
technically possible by the application of this type of 
telegraph system to toll cables. A toll cable 2 5/8 
inches (6.7 em.) in diameter contains about 300 pairs 
of No. 19 B. & S. gage (0.91 mm.) conductors. Utiliz- 
ing the phantom circuits this gives a total of 225 four- 
wire circuits. Counting 30 messages in each direc- 
tion per four-wire circuit it is evident that it is technic- 
ally possible to transmit 6750 oe in each direc- 
tion simultaneously. 


The “break” feature of this system is satisfactory. 
It functions in a manner similar to that used with the 
metallic telegraph system. It takes about 0.1 second 
to transmit a “break” signal over a 1000-mile (1610 
km.) circuit. 


FIELDS OF APPLICATION 


It will be evident that while the foregoing descrip- 
_ tion assumes that this system is applied to four-wire 
circuits, it could be readily applied to two-wire circuits 
by transmitting half of the carrier frequencies in one 
direction and the other half in the opposite direction. 
Furthermore, if the impedance characteristic of the 
line could be reproduced with sufficient accuracy in 
networks to balance the line at the repeaters, the same 
frequencies could be transmitted in both directions 
and as many of them could be so transmitted as the 
natural ‘cut-off’ of the line would permit. 


While the voice-frequency carrier telegraph system 
has been designed primarily for use on an ordinary 
telephone circuit, the system may be applied to carrier 
telephone or radio telephone channels without involving 
radical changes in either the telegraph system or the 
telephone circuit to which it is applied. 
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BROADCASTING PROGRESS IN EUROPE 


Installation of radio receiving sets is at present 
illegal throughout most of continental Europe, yet the 
freedom with which governmental regulations are 
being ignored forecasts acceptance of broadcasting 
on a systematic plan. , 

The reluctance of different nations to modify their 
radio laws has been due to several causes, one of them 
being the expected interference between broadcasting 
stations in the several countries. Another important 
factor has been concern lest removal of restrictions 
should cause an excessive caper aay of foreign made 
receiving sets. 

Czecho-Slovakia the central nation of Europe sees in 
radio the means of building up Prague as one of the 
outstanding musical and cultural centers of the world. 
As the center of national opera which will probably be 
broadcast, Prague will also play a new part in the 
national spirit and advancement of the country on 
cultural lines. The government will control broad- 
casting and plans to erect stations for operation on a 
rental basis by a broadcasting company. 

In England alone is broadcasting well organized at 
present on a scale comparable to that in the United 
States, and some other countries have come forward 
with radio programs. 

For instance, one of the first broadcasting stations on 
the continent was installed at Kristiania, Norway. 
Tests were made with this station and complimentary 
reports were heard from many countries, even as far as 
Ireland and France. A broadcasting company has now 
been formed and Norway is one of the leaders in appli- 
cation of the art in Europe. 


Sweden has enjoyed broadcasting for two years. The 
Telegraph Administration has plans for a com- 
prehensive system of stations interlinked by tele- 
phone lines. Owners of receiving sets are licensed 
on the basis of a low annual fee, loud speakers being 
assessed at a considerably higher rate because they are 
considered more or less in the class of luxuries. 


Great progress in broadcasting has been made in 
Germany during the last year. Plans are under way to 
organize a power carrier broadcasting service, the idea 
being to superimpose a high frequency carrier current 
on power circuits at various low-tension centers. The 
power companies would render the broadcasting 
service and supply subscribers with receiving sets on a 
rental basis, but the general supervision and organiza- 
tion of the service would be taken care of by a broad- 
casting company. The success of this system would 
rest upon the low rental which would make it possible 
for everyone to subscribe, and the elimination of elabor- 
ate receiving sets and aerials. 

Several stations are planned for Austria butat present 
this country has only one station, operated by a 
broadcasting company. The service is not organized. 
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Synopsis.—Experiments were made to determine certain effects 
of high local voltage stresses in transformer oil. The resistiv- 
ity of the oil was measured by a special method immediately follow- 
ing a period of voltage stress. The results were 

1. A greatly reduced resistivity when the stressing voltage was 
greater than that producing visible corona. 

2. A gradual increase in resistivity following removal of stress. 


Corona in Oil 
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The “rapidly applied” breakdown voltage was found for samples 
of oil which had been previously subjected to high voltage stresses. 
The dielectric strength varied in a manner similar to the resistivity, 
but showed an actual improvement in dielectric strength when the®oil 
was given a rest period of 16 minutes. 


Definite conclusions are given at the end of the paper. 
* * * * * 


HE recent increasing investigation of the mechan- 
ism of conduction and breakdown in dielectrics 
makes any additional data bearing on this subject 

worth while'.. This paper discusses certain effects on 
electrical, physical and chemical properties of trans- 
former oil when subjected to high local voltage stresses, 
dealing chiefly with certain temporary changes in 
conductivity and dielectric strength resulting from 
this treatment. 

In the latter part of 1923, Professor H. B. Smith of 
Worcester Polytechnic Institute raised the question 
of the possibility of the temporary lowering of dielectric 
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strength of oil due to high local voltage stresses, such as 
might occur at sharp corners in a transformer, al- 
though :visible corona might not be present. Investi- 
gations were undertaken to determine this effect at 
potentials both below and above corona voltage. 


RESISTANCE MEASUREMENTS 


A needle gap was used as a source of the high-voltage 
gradients. This gap consisted of a sharpened 0.05 


in. brass rod spaced 12 in. from a ground plate. It 


gave visible corona at 55 kv., r. m. Ss. 


* Both of Westinghouse Electric & Mfg. Co., Kast Pitts- 
burgh, Pa. 

1. See Bibliography 

Presented at the Midwinter Convention ofethe Awl, H.~E., 
New York, N. Y., February 9-12, 1926. 


It was decided to try the resistivity of the oil as an 
indicator of its quality. It seemed probable that any 
reduction in the dielectric strength of oil would be 
accompanied by a _ reduced resistivity. Various 
methods of measurement were tried in an effort to find 
one suitable. A microammeter with a sensitivity of 
10-7 amperes per scale division was placed in the circuit 
in series with the high voltage line (see Fig. 1) and 
properly protected, the 60-cycle alternating current 
passing through a condenser to ground and the direct- 
current passing througha high inductanceand the meter. 
A direct-current bias of 1000 volts was used, and the 
direct-current across the needle gap measured. The 
sensitivity of the meter was not enough for quantitative 
results, but deflections were found and increased with 
the voltage. No effect was noted at potentials lower 
than that producing visible corona. 
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Fic. 2—Gtow-Tusr Mertruop or Measurina Oi Con- 
DUCTIVITY 
Fig. 2A is a detailed sketch of the electrodes used in measuring 


conductivity 


Attempts to measure conductivity between a pair of 
electrodes (Fig. 2) were more successful. These 
electrodes were brass disks with rounded corners. They 
were 114 in. in diameter, and 3¢ in. thick, spaced 0.10 
in. apart. The supporting ring was made of hard 
rubber, as were the tubes carrying the conductors to 
the electrodes. The assembled gap was suspended in 
the oil near the needle with the faces of the electrodes 
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in the same vertical plane with it, and at approximately 
the same level as its point. 

The conductivity of the oil was found by measuring 
the current flowing when 1000 volts d-c. was applied 
across the gap. This current was too small to be 
measured by available galvanometers. A novel type 
of meter was suggested by Doctor J. Slepian. This 
proved to be satisfactory for the service required. The 
circuit for it is shown in Fig. 2. It consists of a con- 
denser C in series with a 1000 volt generator G and the 
measuring gap. This condenser is shunted by a neon 
glow tube and a switch S. 
~ When switch D is closed and the generator is running, 
a small current passes across the gap, through the 
shunting switch and to ground. To measure this cur- 
rent, the switch S is opened, and the time required for 
the condenser to charge up to the glow voltage of the 
tube is measured with a stopwatch. The tube glows 
momentarily. The elapsed time is recorded. This 
operation is repeated as often as desired. 

The approximate conductivity is found as follows: 
The generator was excited to give 1165 volts at the 
terminals.. The glow voltage of the tube is 325 volts. 
The exact equation for the resistance, assuming it 
constant is: 
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where 

E, is the generator voltage 

FE’, is the glow voltage of the tube 

r is the resistance of the oil across the gap 

C is the capacity of condenser C in farads 

tis elapsed time in seconds. 
As a first approximation, when LE, is small compared 
to E,, the current equation is, 


final condenser volts x capacity 
time 


Average current = 
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a E, C 
but H, — 1/2 E, = 1165 — 162.5 = 1002.5 volts. 
Using 1000 volts the resistance is, 
LOU tae 
aye LE 


This differs from the exact equation results by 1.1 per 
cent. For a capacity of 0.000115 microfarads and a 
time of one second, the resistance would be approxi- 
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mately 2.67 < 10 ohms. Converting this to resistiv- 
ity with the assumption that Ohm’s law holds, the 
resistivity per inch cube with the above conditions 
would he, 


BLO 
4 0.1 


This is resistance measured in one second. Sixty 
seconds seemed to be about the limit of time for good 
results. This corresponds to a resistivity of 2.8 « 10% 
ohms per inch cube. This method was simple and 
rugged, and gave the required degree of accuracy. 

In operation, the disconnect switch (Fig. 2) was 
opened. The desired stressing voltage was impressed 
on the needle-gap for a period of time. Immediately 
aftér removing this voltage, switch D was closed, and 
measurements of resistivity taken as indicated above. 


aw X 2.67 X 10 = 4.73 X 10" ohms. 


DIELECTRIC TESTS 
The actual dielectric strength of oil subjected to 
high local stresses was tested with a Westinghouse 
standard test-cup (sharp-cornered disk electrodes, one 
inch in diameter, spaced 0.10 inches apart.) 
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Resistivity measured with 1000 volts across 1/10 inch gap 


A sample of oil was drawn from the vicinity of the 
needle immediately after the stressing voltage was 
removed, and tested for breakdown, an average of five 
or more breakdowns being used. 


EXPERIMENTAL RESULTS 


A series of tests was made on Wemco A transformer 
oil. This oil had been used for miscellaneous testing 
purposes previous to these tests, but still had a dielec- 
tric strength of about 33-kv -r. m.s., which is an indi- 
cation of good oil. 

Fig. 38 shows the variation of resistivity with the 


stressing voltage, the voltage being applied for 15 min. 


Note the dip at 80 kv. and the lack of effects below 
55 kv., the corona potential. 

Fig. 4 indicates the way in which the resistance varies 
with time after the stressing voltage is removed. The 
shapes of these curves vary considerably with individual 
tests. However, they all show: 1. That the low 
resistance is only temporary: 2. that a resistance meas- 
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ured about a minute after stressing voltage is removed 
is: about as accurate as a resistance measured during 
stressing, since in general, the time-resistance curve 
approaches the zero-time axis nearly at right angles to it. 

‘Fig. 5 shows the extent of the affected region around 
the needle. The curve shows that the effect of corona 
is very decided to a distance of one foot under the 
conditions of test. Since the effects observed last over 
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a period of minutes, it would be very unlikely for them 
to be highly localized, as there would be a spreading 
due to diffusion. 

Fig. 6 indicates the effect of time of application of 
the high gradient on the dielectric strength of the oil, 
showing that most of the lowering of the dielectric 
strength occurs very quickly. 
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Fie. 5—ExXTENT OF THE AFFECTED REGION IN THE TANK 


The variation of dielectric strength with stressing 
voltage is shown in Fig. 7. The effects are not notice- 
able at voltages which do not produce visible corona, 
but become pronounced at higher voltages. The hump 
in the curve at 100 kv. is discussed later. 

The following table brings out very emphatically the 
temporary nature of the corona effects. For each of 
the three tests, the strength of a sample was measured 
in the test cup. Then a stressing voltage was applied 
to the needle gap for the indicated time. Two samples 
were then taken from the region near the needle. 
One was given a dielectric test immediately. The other 
was tested after 15 min. In each test, the lowering of 
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the dielectric strength disappears entirely, and an 
actual improvement occurs. 


teeta Stressing Time Resulting Breakdown 
breakdown ESV arse applied breakdown | after 15.min. 
32.8 120 15 min. 29.4 39.6 
22.8 100 15 min, 26.4 30.8 
29.6 100 if abide 25.0 30.2 


Attempts to find permanent effects on the oil due to 
the stressing voltage were unsuccessful. The con- 
ductivity of samples taken before and after stressing, 
was measured accurately several days afterwards. 
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100 kv. applied on needle 


The percentage of unsaturates was also determined. 
The only variations in these quantities were such as 
could be accounted for by ordinary experimental error. 
The water content seemed to gradually decrease as the 
tests progressed, but varied with the number of tests 
rather than as any function of the stressing voltage. 


ACCURACY OF RESULTS 
It is not the desire of the writers to give an impression 
of great accuracy in the quantitative results obtained. 
As in most tests with dielectrics, the variations were 
wide. Toa certain extent, tests used in producing the 
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curves are selected tests. However, the tendencies 
and shapes of the curves are definite and are found in 
practically all of the tests made. It is this rather than 
the quantitative results which should be emphasized. 


DISCUSSION 


Certain parallels may be drawn between the effects 
of corona in oil and the phenomena of ionization in alr. 


222 


/ 

The conductivity in both cases must result from the 
presence of charges capable of moving. The normal 
conductivity in air is due to a very few ionized particles 
which are always present. The normal conductivity 
of oil might be due either to the transfer of electrons 
from one metal electrode to the other across conducting 
particles, or to the presence of positively and negatively 
charged ions in the oil or of the oil, migrating due to 
_the electric field. As the voltage stress becomes very 
great, molecules may be torn apart into plus and minus 
ions. Due to the relatively high viscosity, and the high 
molecular weights, the diffusion rate, and consequently 
the rate of re-combination of the charged particles and 
their rate of migration in an electric field, is very slow. 
This would account for the persistance over a period 
of minutes of the effects noted. 

As to the effects on the dielectric strength: In air, 
the dielectric strength is hardly affected unless the 
ionization is intense enough to produce space charge 
and disturb the voltage gradient. In oil, the ionization 
necessary to produce a space charge will be much less 
since the mobility of the ions is so low. No attempt 
has been made up to the present to determine mathe- 
matically the possibility of space charge with the 
degree of ionization found in the experimental results. 
It should be possible to do this, and it will be attempted. 

The ‘‘hump”’ mentioned in the curves of kv. vs. 
resistivity and ky. vs. dielectric strength (Fig 3 and 
Fig 7) was unexpected. When the first curve of the 
dielectric strength was determined, a smooth curve was 
drawn withadownward curvature, assuming the100-kv. 
value as high and the 80-kv. value as low. However, 
when the run was repeated several days later, a curve 
identical to the previous one was obtained. The same 
hump was later found to exist in the resistance values. 

One plausible explanation of this hump, and one 
which is presented because no better one appears, 
follows. 

Tests made with oil of low water content did not show 
the decided dip at 80-kv. It is possible that the size 
of water particles are such that they migrate rather 
rapidly at the 80-kv. value, so that they exist in the 
concentrated electric field in rather large numbers, 
thus affecting the breakdown. At the 100-kv. point, 
the migration may be so rapid near the needle that the 
water content is reduced. Unfortunately, the water 
content was not determined for the tests referred to, 
and the oil was later destroyed. 


CONCLUSIONS 

The above tests allow certain definite conclusions 
to be drawn: 

1. That, with the type of needle gap used, no 
appreciable effect on the electrical characteristics of the 
oil occurs below the point where visible corona starts. 

2. That above this potential, a phenomenon similar 
in some respects to ionization in air, occurs with oil. 
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3. That with the sample of oil used, the resistivity 
and breakdown do not continually decrease as the 
stressing voltage is increased. 

4. That the effects noted are produced in a very few 
minutes and are temporary in nature. 

5. That, since the effects described in this paper all 
occur only at voltage stresses which produce visible 
corona, they do not exist in properly designed com- 
mercial apparatus. 
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FIRST INSTALLATION 
“DIRECTOR” TELEPHONE EQUIPMENT 


The first public central office telephone installation 
using the ‘director’ type of automatic switching 
equipment was successfully completed November 
fifteenth, at Havana, Cuba. The equipment was 
manufactured by the Automatic Electric Company of 
Chicago, and installed by them in co-operation with the 
engineers of the International Telephone and Telegraph 
Corporation, New York. 

The ‘‘director,”’ installed as an adjunct to the Strow- 
ger system, permits the dissociation of the numbering 
scheme from the trunking plan, and thus affords all of 
theadvantages of tandem trunking without consideration 
of limitations sometimes imposed by directory numbers. 
In this and certain other respects it serves a purpose 
similar to that of the “sender” equipment used in con- 
nection with the Western Electric Company’s panel 
type machine switching system. 

While the advantages to be derived from the use of 
the director are fully demonstrated only in the conver- 
sion of large networks from manual to automatic 
operation, frequently substantial economies in trunking 
are afforded by its adaption to certain offices or certain 
parts of existing automatic networks. This was the 
case in connection with the Havana project, in that the 
installation of “directors”? in two suburban offices 
serving adjacent areas permitted the routing of traffic 
to or from the city network over a common group of 
trunks, and at the same time permitted the establish- 
ment of a universal numbering scheme—C. ommittee on 
Communication. 


Recent statistics indicate that the sale of tungsten 
filament lamps (exclusive of miniature lamps) in the 
United States during 1924, aggregated 252,000,000 
lamps. This indicates a gain of about 21% per cent 
over the sales of 1923. 

The sale of carbon lamps on the other hand has 
decreased to about 1,000,000. This is less than one 
half of one per cent of the total sales of large lamps 


-during 1924. 
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Synopsis.—This paper is to discuss two forms of polarized 
telegraph relays which have been developed by the Bell System 
and applied originally to the metallic telegraph system. One of 
these relays was designed primarily for operation under severe and 
exacting circuit conditions and the other for application generally. 
Both relays are of the same general construction except that the 
former is more sensitive than the latter and is furnished with an 
auxiliary accelerating winding. Furthermore, this relay has in- 
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corporated in it certain refinements in construction and materials, 
which cause it to be extremely sensitive and to give reliable service 
for a comparatively long period without attention. The con- 
struction is of special interest in that the polarizing force of the 
permanent magnet is neutralized by the mechanical restraining 
force of the armature. A magnetic material having characteristics 
well suited to relay design and a new contact material are employed, 
which greatly improve the operating characteristics of the relay. . 


INTRODUCTION 


HE development of new types of sensitive polarized 
relays, for use in the Bell System, was undertaken 
as a result of a demand which arose in connection 

with the development of the metallic polar-duplex tele- 
graph system. A paper on this system is being pre- 
sented at this session.’ Later these relays were applied 
to the carrier telegraph systems,‘ one of which is being 
described in a paper at this meeting. 

A number of polarized relays, manufactured in this 
country and abroad, were experimented with and 
found inadequate, in certain respects, for application 
to these systems without extensive modifications. For 
satisfactory performance, it was found that the relay 
should meet the following general requirements: 1. 
Have a high degree of sensitivity, 2. Retain adjustment 
for a long period, 38. Faithfully and accurately repeat 
signals with a small amount of maintenance. 

From the standpoint of sensitivity, the relay is 
required to operate on reversals of line current of a 
minimum of one milliampere and at the same time 
obtain proper impedance characteristics without ex- 
ceeding practical limits in the dimensions of the wind- 
ings. Over small-gage cable conductors having large 
mutual capacity and high resistance, the wave-shape 
of the received current is badly distorted. This 
wave-shape, in addition to the magnitude of the current 
available, makes more drastic the requirements for 
sensitivity. It is interesting to note that, under 
average conditions, the ratio of power controlled by 
the contacts in the local circuit to that required by the 
line windings, is about five thousand to one. 


In the case of main-line telegraph relays, it is essential 
that no considerable changes in length of signals take 
place as such effects are generally cumulative over long 
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Presented at the Midwinter Convention of the A. Ih, IBig. Top 
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circuits, where several relays are employed in repeating 
signals. As contrasted with relays used for circuit- 
switching purposes, telegraph relays are called upon to 
function continuously under severe conditions, and to 
perform successively hundreds of thousands of times in 
a few hours. 


In order to furnish a good quality of telegraph serv- 
ice, it is essential that very few relay failures occur 
during service periods. If this is not accomplished, 
considerable valuable circuit-time is lost and the 
relay maintenance expense becomes an excessive factor 
in the cost of giving service. 
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DESIGN FEATURES 

The relay which has been designed to meet the fore- 
going requirements is shown in Fig. 1 and is known as 
the 209-F'A relay. 

A polarized relay is fundamentally different in its 
operation from the ordinary neutral relay, in that it is 
selective to the polarity of the operating current and is 
more sensitive in its operation. A type of magnetic 
circuit was chosen which, it was felt, would best lend 
itself to obtaining a relay which would meet, as com- 
pletely as possible, all of the requirements above 
outlined. 
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Fig. 2 shows the magnetic circuit and the arrange- 
ment of the relay elements. It is seen to consist of a 
Wheatstone-bridge type of magnetic circuit in which 
the four equivalent air-gaps, two upper and two lower, 
may be considered as the four arms of the bridge with 
the permanent magnet placed across two opposite 
corners of the bridge and the armature and windings in 
the position customarily occupied by the galvanometer. 
The operating windings are placed over the armature in 
the form of a single stationary spool, sufficient clearance 
being provided to allow the armature to move within 
the spool. The paths of the polarizing and operating 
fluxes are shown by the solid and dash lines, respect- 
ively, for the armature in its midway or neutral 
position. When the armature is in the midway 
position there is no polarizing flux through it, since it 
connects two points of the circuit of equal magnetic 
potential; as it moves toward the left pole-piece, the 


\/ CONTACTS 


ADJUSTABLE POLE 
PIECES 


WORKING AIR GAPS 


PERMANENT 
MAGNET 


NON-MAGNETIC 
SPACERS 


\ $$ MAIN SS 
— ARMATURE 


2—D1aAGRAM SHOWING MAGNETIC CIRCUIT AND ARRANGE- 
MENT OF RELAY ELEMENTS 


Fig. 


polarizing flux flows through it in a direction assumed 
to be positive and when it moves toward the right 
pole-piece, the polarizing flux flows in the opposite or 
negative direction. The operating flux, in addition to 
the two return paths shown through the yokes, has a 
third path through the permanent magnet, but, sub- 
stantially, none of this flux returns by this path due to 
the high reluctance of the permanent magnet as com- 
pared to that of the yokes. It is seen that these fluxes 
aid and oppose each other in the four gaps in such a 
manner as to produce a torque on the armature about 
a point midway between the upper and lower sets of 
air-gaps. With the direction of fluxes shown, the 
armature would tend to move in a clockwise direction. 
The forces established in all four of the gaps can-be 
utilized in moving the armature only when the armature 
is movably supported at a point midway between the 
upper and lower gaps. In the design of this relay, the 
armature is not supported at this point, but is firmly 
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clamped and supported at the lower gaps between the 
yokes, non-magnetic spacers forming proper reluctances 
to prevent short-circuiting the permanent magnet. 
This method of suspension, of course, prevents the 
forces established in the lower gaps from doing useful 
work upon the armature, but the overall advantages 
gained by this arrangement more than compensate for 
the apparent loss in sensitivity. This method of 
armature support permits of a more simple design of 
the relay; it eliminates the use of pivots; it permits 
the use of a single-spool construction instead of a two- 
spool arrangement; it allows a more practicable adjust- . 
ment of the relay and more stable operation, and it 
affords a simple arrangement whereby the stiffness of 
the armature can be utilized to neutralize the polarizing 
force acting on the armature, thereby increasing the 
sensitivity of the relay as will be explained later in 
ereater detail. 

The pull acting between the pole-piece and the 
armature in each gap is expressed, according to Max- 
well's law, by the equation: ' 


(¢ + oi)? _ 1 
Sars 


where P is the force in dynes, ¢, is the polarizing flux 
in the air-gap set up by the permanent magnet, ¢; is the 
operating flux generated in the air-gap by the winding 
(both expressed in maxwells), and S is the effective 
area of the air-gap in sq. em. 

This shows that the pull acting on the armature in 
each air-gap is made up of three components: The first 
term is the pull due to the permanent magnet and is the 
force acting on the armature with no current on the 
relay and is commonly spoken of as the polarizing 
force. The second is the important component, as it is 
the force which operates the relay; it is this component 
which makes the relay selective to the polarity of the 
operating current because its direction is dependent 
upon the sign of ¢;. Since its magnitude is propor- 
tional to the product of the polarizing flux and the 
flux generated by the operating current it shows why a 
high polarizing intensity is effective in obtaining a 
highly sensitive relay. The third term is a pull on the 
armature which would be the only one to appear if the 
relay were not polarized and is of twice the frequency 
of the second term. 

As explained above there are two magnetic air gaps 
in which forces are effective to produce motion of the 
armature, and it is the resultant of these component 
forces in the two air-gaps that controls the relay. In 
Fig. 3 is shown how the resultant of the polarizing 
components of force in the two air-gaps varies as the 
armature is displaced in the air-gap. In the midway or 
neutral position of the armature the resultant polarizing 
force on the armature is zero, but as the armature is 
displaced in either direction the force is one of attraction 
of increasing intensity between the armature and 
pole-piece toward which the armature is displaced as 


(oo? + 2 bp i + OF) 
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shown by the solid line. The armature, being sup- 
ported in cantilever beam fashion, will be resistant to 
displacement from its midway position in the alr-gaps 
due to its natural stiffness. This force of restitution 
of the armature is opposite in direction or ‘opposing to 
the polarizing force as the armature is displaced from 
the midway position and is proportional to the dis- 
placement. If the armature is designed so that its 
force of restitution is approximately equal to the polar- 
izing force acting on it for all-positions of the armature 
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the sensitivity of the relay will be greatly increased. 
Thus, in Fig. 3, if the polarizing force on the armature 
were not in some manner neutralized, the work required 
to move the armature across the air-gap would be 
reprcsented by the area ABD. By balancing the force 
of restitution of the armature against the polarizing 
force on the armature in the manner described, the 
worl necessary to move the armature across the air-gap 
is reduced to the area represented by ACD. In 
actual practice, the motion of the armature is limited 
by the contacts rather than by the pole-pieces, and the 
displacement of the armature between the contacts is 
made small in comparison with the length of the mag- 
netic air-gaps. Hence, the working range of the 
armature displacement in the magnetic gaps is limited 
to a short distance on either side of the neutral position 
shown in Fig. 3, where a very close balance between the 
polarizing force and restitution force of the armature, 
ean be realized. The armature is practically in a 
floating condition and can be controlled by the applica- 
tion of a small force. The advantage of neutralizing 
the polarizing force on the armature by an external 
force and thus increasing the sensitivity of the relay 
was pointed out by Mr. D. D. Miller of the Bell Tele- 
phone Laboratories, Incorporated. 

Fig. 4 shows how the resultant of the operating forces, 
or the component represented by the second term of the 
above discussed equation varies in the two gaps as the 
armature is displaced in the air-gap. The condition of 
constant strength and direction of current through the 
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relay winding is assumed. It is minimum when the 
armature is in the midway position and increases as the 
armature moves toward either pole-piece. Its direction 
may be either to aid or oppose the direction of the 
polarizing component shown in Fig. 3, since it is de- 
pendent upon the direction of the operating current. 
It is this component of force which controls the opera- 
tion of the relay under influence of the operating 
current and it can be of small magnitude since it need 
be only of sufficient value to upset the equilibrium of 
forces shown in Fig. 8. The third component of force, 
acting on the armature represented by ¢2 is of small 
magnitude compared to the first two terms, but its 
effect is to decrease the sensitivity of the relay and 
increase the distortion and residual characteristics, 
since its direction opposes the operating component 
when the armature moves toward the neutral position 
and aids it when the armature moves away from the 
neutral position. 

Thus it is seen that when the relay operates under 
the influence of reversals of current. through the relay 
winding, both the operating and polarizing fluxes re- 
verse in direction through the armature, which causes 
the relay to be highly sensitive to the magnetic prop- 
erties of the armature. The parts entering into the 
magnetic circuit of this relay, except—the permanent 
magnet—are made of an improved magnetic material 
known as permalloy® recently developed in the labora- 
tories of the Bell System. This material has a very 
low coercive force compared to customary magnetic 
materials used in relays, resulting in almost complete 
collapse of the operating flux when the magnetizing 
force is removed. As a result, distortion of the re- 
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peated signal is less, since the relay is less affected by 
the previous state of magnetization to which it may 
have been subjected by the preceding signal. On ac- 
count of the higher permeability and the smaller re- 
sidual effects of the material, the sensitivity of the 
relay is increased. It is evident from Fig. 3 that if the 
relay retains an appreciable amount of residual mag- 


5. “Permalloy, a New Magnetic Material of Very High 
Permeability” H.D. Arnold and G. W. Elmen. The Bell 
System Technical Journal for July 1923. Page 101. “‘Hlectrical 
Communication’’, April 1924. 
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netism after the subsidence of the signal current, it 
will cause the armature to become biased by upsetting 
the balance between the polarizing and restitution force 
and decrease the sensitivity of the relay on the succeed- 
ing signal. Thus the use of this material results in 
marked improvements in the operating characteristics 
of the relay. 

The relay is provided with six separate windings; 
four are employed.as line windings, and two as auxiliary 
windings connected in a local circuit. The require- 
ments of the metallic polar-duplex telegraph system 
are such that the four-line windings should be mutually 
balanced to a high degree both with respect to their 
impedance characteristics and their operating effects 
upon the relay. In order to meet these requirements 
it is necessary that each of the four windings have the 
same number of turns and resistances and be sym- 
metrically located with respect to the armature and work- 
ing air-gaps of the relay. This is obtained in practice 
by spirally twisting four well-insulated copper wires 
together and then winding as a single conductor on the 
relay spool in the usual manner. On top of and con- 
centric with the line windings are two conductors wound 
in parallel. In the metallic telegraph system, these 
two windings are used in a circuit to form what is 
known as the wbrating or accelerating circuit, and this 
circuit is controlled from the contacts of the same re- 
lay. This feature serves to reduce distortion of signals 
by causing the relay to operate under the influence of 
the current in a local circuit before the operating cur- 
rent from the line at the time of reversal becomes suffi- 
cient to move the armature. It also reduces the 

. armature travel-time and chatter and tends to make 
the relay more sensitive in its operation. 

The relay contacts are required to make and break 
fairly large currents in circuits having large values of 
inductance and capacity. On relays used in terminal 
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type repeaters, the voltage between one stationary con- 
tact and the corresponding armature contact is 240 
volts. Due to the feeble currents which operate the 
relay, the contact-gap must necessarily be small, which, 
in practice, is adjusted to about 0.004 in. (0.10 mm.). 
The work of: obtaining an adjustment of this gap is 
aided by marks on the capstan head of the contact 
screws. It is highly desirable to have a relay the con- 
tacts of which do not rebound or chatter as the arma- 
ture breaks and makes contact. By eliminating con- 
tact-chatter the relay will be capable of transmitting 
signals at greater speeds and with less distortion, and 
the life of the contacts will be increased. An extended 
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study of the dynamic action of the armature at the 
contacts was made with a view of diminishing or elim- 
inating contact rebound. This is an old problem of 
telegraph relay design and many efforts have been 
made during the past to solve this problem satisfac- 
torily, but most solutions proposed resulted in devices 
or designs which were complicated and not adapted for 
commercial use. 

A practical design of armature was developed, which 
is easy to manufacture and is effective in eliminating 
contactrebound. This design is shown schematically in 
Fig. 2 and by aphotographin Fig.5. Themagneticpart 
of the armature extends through the relay coil and is 
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Upper curve—Armature of ordinary design 
Lower curve—Armature of standard design 


just long enough to reach through the working air- 
gaps. The armature is extended to the stationary 
contact screws of the relay by riveting on to it two 
nickel-silver springs carrying the armature contacts. 
These two springs are bent at the free end and ten- 
sioned so that they touch and rest upon one another 
with a fixed pressure between them. By this con- 
struction the mass of the moving end of the armature 
is kept as small as possible so that at the moment of 
impact the tendency to rebound is thereby reduced. 
When the armature contact strikes the fixed contact 
one armature contact spring is displaced with respect 
to the other spring causing the ends of the springs to 
slide upon each other. This rubbing action tends to 
damp out the rebound as the energy of impact is ab- 
sorbed by friction between the two springs. Other 
advantages gained by keeping the effective mass of 
the armature small, are reduction in the travel time of 
the armature and quicker time of response. In order 
to prevent the armature from adhering to either pole- 
piece, small nickel-silver disks are welded to each side 
of the armature directly opposite to the pole-pieces. 
Fig. 6 shows oscillograms of the current from the arma- 
ture contacts with the relay in a terminal type metallic 
telegraph repeater, operating full duplex. The top 
wave shows the current from the armature contacts 
with the relay equipped with an armature of ordinary 
design, that is, having the contacts mounted directly 
on the magnetic material which extends the entire 
length of the armature. The lower wave shows the 
same relay operating under identical conditions as 
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above except that it is equipped with the standard design 
armature shown in Fig. 5. The improvement in the 
repeated signal of the relay is apparent both with re- 
spect to contact chatter and travel-time of the relay. 
On account of the high voltage, the energy content 
of the circuits which the relay controls, the small con- 
tact-gaps and the feeble forces available to operate the 
relay, it was found that contacts made of material 
usually found on telegraph apparatus would not with- 
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stand the large number of operations daily required 
without excessive maintenance. This problem was 
studied with reference to the contact requirements of 
relays operating under the conditions imposed by the 
various repeaters, and an alloy was developed which 
is a decided improvement. The use of this improved 
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contact material extends the service period of the relay, 
without contact failure, to approximately thirty times 
over that with alloys previously used. Fig. 7 shows 
photo-micrographs of armature contacts of a relay 
which had been in service for 814 months without 
being removed from service. This amount of service 
is equivalent to éach contact making and breaking 
the circuit approximately 45,000,000 times. 

One of the design features of this relay is the ar- 
rangement. which permits of the ready removal of the 
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relay from the circuit. This feature is illustrated in 
Fig. 8, which shows the relay with its cover attached 
to a mounting plate and connecting block. The square 
phenol-fibre base of the relay is provided with four 
guide pins which definitely locate the relay with re- 
spect to the mounting plate and the connecting block, 
and is also furnished with 15 terminals on which elec- 
trical connections to the windings and contacts of the re- 
lay are terminated as shown in detail in Fig. 1. The 
connecting block is the medium by which electrical con- 
nection is established between the circuit and the relay. 
It is fastened to the rear of the mounting plate, has the 
same number of terminals as the relay, and the circuit 
is permanently wired to these terminals. When the 
relay is inserted into position on the mounting plate, 
electrical contact between the relay and connecting 
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block terminals is automatically established. Resilient 
members fastened on the rear of the mounting plate, 
engage into recesses in the four guide-pins and hold 
the relay rigidly in position on the mounting plate. 
In case of relay trouble, the relay may be quickly re- 
moved and a spare relay inserted, thus keeping the 
time of circuit interruptions to a minimum. 

There are a number of places in these systems where 
polarized relays are required, but which do not have 
to operate under as exacting conditions as the relay 
just described. For this purpose, a cheaper relay has 
been developed known as the 215-A relay, and this is 
shown in Fig. 9. It employs the same type of mag- 
netic circuit as the 209-F A relay, and the same design 
features of mounting and chatterless armature springs 
are also incorporated. It does not have as refined ad- 
justing features, nor will it operate on as small cur- 
rents. It is provided with two balanced line windings. 
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APPLICATION AND MAINTENANCE 


At the present time there are in operation about 
2500 of the 209-type relays. Of this number, about 
2000 are operating in the metallic telegraph system 
and the remainder in the carrier telegraph systems. 
These carrier telegraph systems make use of about 
1000 relays of the 215-type and in the metallic tele- 
graph system, about 2400 relays of this type are used. 

Asaresult of field experience, it has been found that 
the maintenance schedules for these relays can be ar- 
ranged to cover long periods with practically no inter- 
ruptions occurring in service. In terminal-type re- 
peaters and through-type metallic repeaters, this 
period is for satisfactory relay operation, approximately 
three months and six months, respectively. 

Means are specially provided whereby these relays 
may be checked or adjusted quickly and accurately 
external to the telegraph repeaters; that is, the relays 
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are adjusted to the best operating condition without 
consideration of the telegraph circuit to which they are 
to be applied. This arrangement, known as a relay- 
test table, is shown in Fig. 10. These tests consist 
of obtaining an inspection and adjustment for sensi- 
tivity, differentiality, and freedom from bias. A local 
vibrating circuit is also provided for testing the 209- 
type relay so that it will function properly under the 
influence of the vibrating circuit in the telegraph 
repeaters. 

The essential steps in adjusting a relay consist in 
withdrawing the contact screws sufficiently to permit 
inspection and cleaning. The pole-pieces are then 
withdrawn so that the effect of the permanent magnet 
upon the armature is made small, thus permitting the 
armature to stand in its neutral position. Any for- 
eign material may be readily removed from the work- 
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ing air-gaps. Each contact-screw is then adjusted 
independently so as to have a separation of 0.002 in. 
(0.05 mm.) from the corresponding armature contact, 
and this results in a contact travel of 0.004 in. (0.10 
mm.). Following this, the pole-pieces are adjusted 
so that the relay will respond without bias to 20-cycle 
a-c. ringing current of a magnitude about equal to that 
available in the telegraph repeaters. In order to have 
a margin of operation in the repeater, a d-c. sensi- 
tivity test is given with less current than above. In 
addition to the above a vibrating-circuit test on the 
209-type is made. In general, the time required to 
adjust and test a relay is about six minutes. 


REVISIONS IN NATIONAL CODE | 


The Signaling Committee of the National Fire 
Protection Association is now engaged in a general 
revision of the “Regulations for the Installation, 
Maintenance and Use of Municipal Fire Alarm 
Systems,’ and the resulting revised Regulations are to 
be submitted to the N. F. P. A. annual convention in 
May, 1925, for approval. This committee held a 
meeting late in January, and have called a public hear- 
ing on the changes proposed, to be held March 17, at 
the rooms of the New England Insurance Exchange, 
18 Oliver Street, Boston. All interested are invited to 
present theirviews. Copiesofthe presentand proposed 
rules may be obtained from the National Fire Protec- 
tion Association, 40 Central Street, Boston. 

The last general revision was made in 1920, and was 
finally adopted in 1922. Introduction of improved 
methods and apparatus for current supply, circuit 
protection, signal transmission and the handling of 
alarms, have made it desirable to consider the adoption 
of revisions in geheral classifications of, fire alarm sys- 
tems and the provision of detailed requirements which 
are both more comprehensive and specific. 


The Signaling Committee is also considering amend- 
ments to the “Regulations for the Installation, Main- 
tenance and Use of Signaling Systems, used for the 
Transmission of Signals Affecting the Fire Hazard,” 
which were last revised in 1919, and amended in 1923. 
These include all privately owned fire alarm systems, 
watch services, sprinkler supervisory systems, etc. 

Mr. C. EK. Beach, Consulting Engineer, Security 
Mutual Building, Binghamton, N. Y., is the Chairman 
of the Sub-committee on Municipal Fire Alarm Sys- 
tems. Mr. G. S. Lawler, Chief Engineer, Associated 
Factory Mutual Insurance Cos., 184 High Street, 
Boston, Mass., is the Chairman of the Sub-committee 
on Signaling Systems. Suggestions for revisions in the 
respective Regulations should be addressed to these 
gentlemen. Many members of the A. I. E. E. will be 
interested in one or the other of these Regulations.— 
Committee on Communication. 
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Synopsis.—The steady state load limits of a power network 
may be examined by familiar methods of analysis. However, 
ithe instability of a system with one or more elements 
working close to these limits sets lower values of power at which 
the system can be expected to give satisfactory operation under the 
sudden changes in load or connections which it must successfully 
sustain in operation. This paper presents methods for the analysis 
of power systems under transient conditions. 

A qualitative discussion of the problem is given, followed by an 
outline of a point-by-point. scheme of analysis which takes into 
account the inertia of machines, field transients, etc. The value of 


and 


R. D. BOOTH! 


Associate, A. I. E. E. 


* 


this scheme depends upon having available rapid methods of analysis 
applicable to conditions prevailing at a given instant during the 
transient. Therefore, there is also included a description of the 
methods which have been found advantageous, notable among which 
is a superposition method of solving systems by means of charts. 
This is a powerful means of attacking complicated systems. 
The method of point-to-point analysis is applied to specific types 
of networks as examples. There is also given an extension of 
approximate methods of analysis presented previously. 

The paper is confined to the exposition of the methods of analysis 
which we have fownd convenient and powerful. 


INTRODUCTION 


\\Wees electrically long transmission lines, the 
ultimate carrying capacity of the line and the 

economic loading are of the same order of mag- 
nitude. Hence it becomes imperative to examine 
carefully and in detail the maximum power limit of 
such lines from technical considerations. 

The problem is far from simple. If there were no 
system disturbances to be considered, no voltage fluc- 
tuations, no load variations, and so on, then a steady 
state analysis, using, of course, long line formulas, 
would readily give the load limits. It is when we at- 
tempt to consider disturbances that matters become 
complicated. Yet analysis is necessary, for while the 
margin to be allowed between operating load and ulti- 
mate steady-state load limit will always be a matter of 
judgment, there must be available definite facts in 
regard to the behavior of typical systems under the 
application of definite assumed disturbances on which 
such judgment can be based. 

There are only three ways in which the knowledge 
necessary for a proper judgment can be gained: 

1. Mathematical analysis. 

2. -Test of laboratory models. 

3. Experience. 

We shall not, for some time, accumulate sufficient 
experience with long lines operating close to their 
theoretical power limits to enable proper engineering 
margins of safety to be determined. So we must rely 
upon analysis and test. 

Each of these should be made as nearly a complete 
treatment of the actual problem as possible, but neither 
can absolutely reproduce the conditions of the actual 
network. Test is limited because small machines can- 
not have the same relations between their electrical and 
mechanical constants as do large machines. Analysis 
is limited by the complexity of the problem. As in the 
analysis of all physical problems, something must be 
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approximated or assumed to make a solution possible. 
Yet each mode of attack should be pushed as far as 
possible in completeness. The economic importance 
of the problem warrants taking great pains to omit noth- 
ing from consideration that may be important. Analy- 
sis and test are complementary. The final check of 
theory is by test, and the final attack on the actual 
problems of system design must be by analysis. 

In general the problem before us is this: Given a 
system of power stations connected by transmission 
lines, and operating close to the steady state power 
limits of some of its elements, how susceptible is such a 
system to disturbances of the sort which it will encoun- 
ter and which it should sustain without rupture? In 
other words, what is the degree of stability of such a 
network when subjected to disturbances of the types 
likely to be encountered in practise? This problem is 
best solved at present by showing in detail how the 
system will react to certain definite assumed disturb- 
ances of a nature like those to be encountered in prac- 
tise. For example, how will the system perform if a 
certain section of line is suddenly tripped out, or if a 
generating unit is suddenly dropped off? The answer 
to such questions is the definite guide needed to com- 
pare different system designs, and give the basis of 
judgment as to whether a given layout is satisfactory 
for the service for which it is intended. 

The factors entering the problem are very numerous. 
The electrical constants of lines and machines are 
involved as in a steady state solution. In addition, 
during disturbances, the behavior of exciters, governors, 
and regulators comes into play, and the mechanical 
constants of machines as well as their electrical behavior 
must be considered. In other words, we are concerned 
not only with the distribution and time variation of 
voltage and current in the network, but also with the 
time variation of the air gap flux of machines, and their 
mechanical phase relations. 


BASIS OF ANALYSIS 


During a power-system transient we have a suc- 
cession of instantaneous states which occur in sequence, 
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each of which changes into that which follows. Actu- 
ally there are an infinite number of such states and the 
transition is entirely gradual. However, as done in 
many mathematical devices, we may consider only a 
finite number of such states occurring at finite intervals 
of time. If the time interval is short, we may approach 
the actual process in this manner as closely as is neces- 
sary for accuracy. We practically choose a time 
interval sufficiently short to avoid undue error, and as 
long as is consistent with this condition, in order to 
shorten the necessary computation. Hence analysis 
of the transient behavior involves, first, the solution 
of the network under the conditions prevailing at each 
of these chosen instants, and second, a computation 
of the manner in which the conditions determining 
these instantaneous solutions vary with the elapsed time. 

When a system passes from one instantaneous state 
to another, the transition, so far as the transmission 
lines are concerned, is accomplished by means of travel- 
ing waves. These die out within a cycle or two. If 
the chosen time intervals are large compared with 
the time constant of the traveling waves, then the 
conditions prevailing at each instant for given terminal 
conditions on the line will be substantially the same as 
though these terminal conditions were sustained. In 
other words, the instantaneous solution for the trans- 
mission line will be given by formulas applying to the 
steady performance of the line as represented most 
- conveniently in circle diagrams. 

In machines the case is somewhat different. When 
the’ terminal voltage on a synchronous machine is 
suddenly altered in phase or magnitude, there is an 
armature transient which lasts a few cycles only. This 
armature transient may be neglected since it lasts for a 
brief interval, and its effect, if taken into consideration, 
would amount only to a minor correction to be applied 
to the field current. After this has died out, conditions 
in the machine are those given by curves giving the 
machine performance for steady conditions, provided 
they are entered with the actual values of field current 
and angle which prevail at the instant under considera- 
tion. The field current and angle change slowly, due 
to the large time constant of the field circuit, and the 
inertia of the machine; and, as we pass from one 
instantaneous state to another these slow changes must 
be computed and allowed for. 

Therefore, if for any given instant we state the con- 
nections and electrical constants of any network, the 
flux of any connected synchronous machines, the rela- 
tive phase angles between them, the characteristics of 
any connected load, and the voltage and current dis- 
tribution in phase and magnitude, we specify to a suffi- 
cient degree of accuracy, the condition of the system 
at that instant. If sufficient of these data are given 
for a certain instant, we can solve the remainder from 
the circle diagrams of lines and connected machines, 
using these latter at the values of field current and angle 
actually existing at the instant considered. 
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OUTLINE OF METHOD OF ANALYSIS 


Before going into the detail of computation of the 
complete solution, let us consider qualitatively what 
happens to a typical system during sudden load changes. 

Consider a system consisting of a load supplied in 
parallel from a local steam station and a hydro station 
transmitting power over a long line which has synchro- 
nous condensers at the receiver end. When a load is 
suddenly applied at the receiver end of such a system, 
the increment is shared in the first instant between (1) 
the steam stations, (2) the synchronous condensers, and _ 
(3) the line and hydro station. Each begins to drop 
back in phase at a rate depending upon the load incre- 
ment applied and the moment of inertia of its rotor. 
The field fluxes remain substantially unchanged during 
the first instant, and then start to alter at a rate depend- 
ing upon the constants of the field windings and upon 
the rate at which armature currents are simultaneously 
changing. After an interval the regulators act and the 
variations of field current are, thereafter, influenced by 
this new factor. The governors on the various units 
also come into action after an interval, and the rate of 
phase change of each machine is thereafter correspond- 
ingly influenced by the increment shaft torque applied 
by the prime mover as the throttle is changed in 
position. 

Preliminary consideration of the sequence of these 
events show that at first all of the rotating equipment 
on the system will start to change speed, and that the 
apparatus which supplies the larger increment of load 
in proportion to its kinetic energy of rotation, probably 
the synchronous equipment nearest to the load, will 
slow down most rapidly. In slowing down this equip- 
ment so changes the phase position of its field structure 
with respect to the terminal voltage that it delivers a 
smaller and smaller load increment which eventually 
passes through zero. Itthen takes power until the excess 
changes the direction of swing. Meanwhile the other 
machines must deliver the deficit in power created by 
the swing of the first machine, thus in turn carrying a 
load which makes their rate of phase change greater, so 
that they follow the first machine through a similar 
cycle. In this manner synchronous apparatus on the 
system oscillates about some power point. The con- 
densers of course oscillate about the zero power axis 
and the generators tend to oscillate about their re- 
spective governor characteristic curves plotted against 
the time. 

While this discussion relates primarily to sudden load 
application, there is a similar sequence of events when 
a generating unit is dropped at the receiver end of the 
line, or when a transmission circuit is suddenly tripped 
out. The methods of analysis presented are applicable 
to any of these cases, or to three phase short circuits in 
any part of the system considered. 

Given a power system operating under known steady 
conditions, and given a disturbance such as a change of 
load or connections suddenly impressed on this system, 
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> A ii ee + detail the time variations 
; which we are interested. 

, There is an immediate change, first to be computed, 
which follows directly after the start of the disturbance 
and after the lapse of a very small interval of time. 
This small time interval, a cycle or two, is sufficient for 
the subsidence of traveling waves, and for the armature 
transients in machines to have disappeared: but it is 
insufficient for appreciable change in the relative me- 
chanical phase angles of machines, or appreciable 
change in the magnitude of the flux in machines. - 

This immediate change can hence be computed by a 
solution based on the characteristics of lines and ma- 
chines in which the given quantities are all the me- 
chanical phase angles and values of flux. These aresuffi- 
cient to fix the system, and a solution then gives the 
phase and magnitude of voltage and current every- 
where, and hence the new values of power and reactive 
volt amperes in each machine. We will assume for the 
present that this solution is made, and later we will 
return to specific examples, and show how such a solu- 
tion can be obtained in a manner conveniently adapted 
for the transient analysis. 

We now have the solution for the first instant after 
the beginning of the disturbance, and hence the values 
of power which appear immediately after the disturb- 
ance in each machine involved. The difference between 
these values and the initial values of power give the 
power increments, plus or minus, on each machine. In 
the first instant these increments are applied entirely 
to produce positive or negative acceleration of the 
rotors, and these accelerations may be computed, when 
the speeds and moments of inertia of machines are 
known, by well known formulas. 

If now this power increment remained constant, that 
is if the flux in the machine and its terminal voltage 
suffered no further change in either phase or magnitude, 
and if there were no additional power supply to the unit 
from governor action, we could compute its position 
for subsequent times from 
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Where a is the acceleration and @ is the mechanical 
change in angle. In making this computation, we may, 
as noted below, make as a refinement a correction for 
the power consumed by damper windings. Of course, 
quantities do not remain constant in the manner indi- 
cated above, yet, if we choose a sufficiently small time 
interval, the error in assuming them constant may be 
made as small as we please. In fact, even although a 
small variation in the factors involved occurs during the 
time interval, we may estimate the variation and allow 
for it. The accuracy in the estimate could be checked 
presently, and in case of serious discrepancy, corrected 
by a recomputation. It is possible though to avoid 
the cut and try process involved in this estimate of 
power increment and this is in fact necessary if the 
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analysis is not to become unduly laborious. The 
superposition methods of analysis which are described 
below enable this to be done by a correction applied to 
a characteristic curve. 

In the first instant after the occurrence of a disturb- 
ance, each machine will also have an increment of 
armature current. Due to the fact that the magnetic 
linkages with the field winding cannot be changed in- 
stantly the field current will also undergo a sudden 
change. The amount of this change can be obtained 
from the increment of armature reaction, since the total 
magnetomotive force on the magnetic circuit of the field 
remains constant. In this computation allowance is, 
of course, made for the incompleteness of coupling be- 
tween armature and field circuits. It is sufficient to 
use the increment of armature current in quadrature 
to the induced voltage. 


We thus obtain the value of field current in each 
machine at the instant after the beginning of the dis- 
turbance. If there were no further change in armature 
current and in the absence of regulator action, we could 
then compute the field current, and hence the flux, in 
each machine for subsequent times. The field current 
would return exponentially to its original value, the 
decrement of the exponential being given by the time 
constant of the alternator field circuit. In the first 
short interval of time the regulators will not have acted, 
sO we can compute in this manner the flux in each 
machine at the end of a chosen short time interval, 
except for one effect. This is the result of further arma- 
ture current change during the interval. Such change 
produces a field current increment in exactly the same 
manner as the initial change. This may be termed for 
convenience the subsidiary field transient. It could be 
allowed for as follows: Estimate the terminal voltage 


at the end of the chosen interval, from the machine 


characteristic determine the corresponding armature 
current and armature reaction, and from this the sub- 
sidiary field transient. Apply to this the field decre- 
ment corresponding to half the time interval to allow 
for the fact that the effect is produced continuously 
throughout the interval at approximately constant 
rate, and add the result, with proper sign, to the field 
current obtained from the previous computation. 
Upon obtaining the next solution the estimate of voltage 
could be checked. While this method of allowing for 
subsidiary field transients would work, it is laborious in 


‘that in involves a cut and try method. Again the 


superposition method of obtaining instantaneous solu- 
tions which we use in this transient analysis enable us 
to allow for this subsidiary transient without using cut 
and try methods. This will appear in the examples 
which follow. 

From the above we now have at the end of a chosen 
time interval the values of flux in all machines and their 
relative mechanical phase positions. It is hence 
possible, by just the same methods employed for the 
previous solution, to solve for the voltage and current 
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everywhere in the system at the end of this interval. 
We may then compute new power increments, and new 
values of field current. 

We then proceed with a second time interval. The 
procedure is exactly as before with two exceptions. 
First in computing the angular space travel of machines 
in the second and subsequent intervals, we must not 
only compute as before that due to their angular acceler- 
ations in the interval, but must add the travel due to 
the velocity which existed at the beginning of the second 
interval with respect to a constant speed base. The 
angle for the second interval is given from 
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where V, is the angular speed at the end of the first 
interval, obtained from 
We = a, i 


except for the effect of power increment during the 
interval, allowed for as before. Second, it is necessary 
in computing the field current change in the second 
interval, to apply the decrement for the interval to the 
total field current increment at the end of the first 
interval due to both initial and subsidiary field tran- 
sients, and to add on the curves the effect of the subsi- 
diary transient in the second interval. 


Proceeding in this manner, we can compute the varia- 
tion point by point with the time, of the voltages, cur- 
rents, powers, and angles in the system. ‘This is con- 
tinued until sufficient data is obtained to make evident 
the behavior of the system subsequent to the beginning 
of the disturbance. During this process we will 
shortly arrive at a lapse of time sufficient for the voltage 
regulator to begin action. When this occurs we shall 
need to add a new term in our computation of field 
currents, namely the increment produced by the regu- 
lator action on the exciter. This is obtained from a 
curve of main field current against time after closing of 
regulator contacts, drawn for the particular exciter 
system involved. Mr. R. E. Doherty has developed 
the form of these exciter transients in much detail', 
and we have checked many of his derivations. It 
is accurate for small increments with shunt wound 
exciter and brushes on neutral to add the separate 
effects of field decrement and exciter action. In other 
words, the effect of exciter field built-up occurs, as far 
as small increments are concerned, as though the field 
_ current were otherwise stationary in value. The con- 
sideration of compounded exciters requires that the 
two effects be considered in combination by a cut and 
try process. 


It may even occur in the course of the analysis that 
the terminal voltage of a machine will rise to a point 
where the regulator contacts will again open. This is 
taken into account by a curve very similar to the above, 
again allowing a definite interval of time after arriving 
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at the new voltage for the delay in opening of contacts 
due to time lag of the relays. This is one or two- 
tenths of a second, depending on the regulator design. 

Another effect which occurs after an interval where 
prime movers are involved is governor action. This 
is readily taken into account, provided we know the 
governor characteristics, by including with the power 
increment used in calculations of angular swing a new 
increment, of the same or opposite sign, as the case may 
be, due to governor action. For this we need simply a 
curve for the governor giving additional power supply 
to the unit against the time. It is in fact best to con- 
struct this as we proceed, as the rate of response of a 
governor depends upon the increment in speed, or the 
total response depends upon the integral of the speed 
change. This again is a matter requiring detailed 
analysis of its own, and unfortunately complete infor- 
mation in regard to the behavior ofall types of governors 
is not yet available in the form necessary. We have 
been assisted in arriving at reasonable curves for gov- 
ernoraction by certain studies carried out by the General 
Electric Company. The action of steam governors is 
especially important. The lag of hydraulic governors 
is so much greater that the power transient is usually 
past its critical stage before they get into action. 

From the above it is evident that point by point 
analysis of this sort depends principally upon a proper 
adaptation of methods of obtaining instantaneous solu- 
tions under the conditions set up by the transient analy- 
sis. Especially is it possible to proceed with facility 
when the charts are so modified that cut and try 
processes, both on power variation and on subsidiary 
field transients, are avoided. We will, therefore, de- 
vote much of this paper to the treatment of rapid 
solutions under the peculiar terminal conditions which 
obtain where such solutions are a part of a transient 
analysis. We will follow this by examples employing 
the methods developed. 

Experimental methods of studying transients, using 
alternating current artificial lines, and small machines 
to represent the various generating and condenser 
stations, have been used by Evans and Bergvall to give 
a means of checking theory. This is a valuable pro- 
cedure which will undoubtedly be extended. When it 
is attempted, however, to obtain from such an artificial 
system transient data which will apply directly to an 
actual system, we encounter a difficulty in that the 
relations between electrical and mechanical constants 
and the relation between armature and field constants 
cannot be made the same in a small machine as in a 
large one. One way of avoiding this difficulty is to 
replace the small rotating machines by stationary phase 
modifiers, and to then manually make the phase ad- 
justments and generated voltage changes indicated by 
the point by point analysis. The artificial network 
then becomes simply a convenient means of arriving 
rapidly at the steady state solutions necessary for the 
complete analysis. This method of representing gener- 
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ating stations in an artificial network has been de- 
veloped by Messrs. H. H. Spencer and H. L. Hazen 
at the Massachusetts Institute of Technology, and they 
have written a paper to appear shortly describing the 
apparatus and its use, so that it need not be further 
discussed here. The advantage of the method, of 
course, is that the solutions for points in a transient 
analysis may be obtained more rapidly when com- 
plicated systems are considered. 

The refinements to be introduced in the transient 
analysis are a matter of judgment, and experience with 
the method soon shows the relative importance of 
various factors. One point of this sort deserves partic- 
ular mention. During the progress of a transient the 
speed of a machine will change slightly, and strictly 
its characteristic as used in the solutions for instan- 
taneous points should then be altered so as to apply to 
its actual speed. We have found, however, that in 
cases in which the disturbance was such as to approxi- 
mately produce loss of synchronism the speed change 
during the portion of the transient which must be com- 
puted in order to predict results was usually well below 
1 per cent, so that we have not considered this partic- 
ular refinement necessary when treating transients due 
to sudden disturbances. 


DERIVED CURVES 


For the solutions incident to this transient analysis, 
the primary tools, or reference charts, are the character- 
istics, preferably in the form of circle diagrams as shown 
above, of generators, connecting lines and _ trans- 
formers, condensers, and loads. From these are taken 
off as needed in the course of the study of a particular 
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transient problem, special curve sheets for rapid use 
in obtaining solutions for a given point of time. These 
are, for reasons which will appear below, most con- 
veniently put in the form of plots of kilowatts or react- 
ive kilovolt-amperes against electrical angle with 
respect to some base angle as reference, for lines, genera- 
tors and condensers. The vector used as a base may be 
the terminal voltage at some chosen point for steady 
state normal load conditions. On each sheet is a nest 
of curves for various terminal voltages. Fora machine 
it is also necessary to prepare a separate sheet for each 
value of field current. Curve sheets of this sort are 
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shown in Figs. 1 and 2 for a 20,000 kv-a. synchronous 
condenser. Similar charts for a line are shown in 
Figs. 8 and 4. 

These curve sheets are used by superposition methods 
for obtaining solutions for a network where angles and 
flux values are the known parameters. It has been 
found desirable to put kilowatt and quadrature kilo- 
volt-ampere relations on separate sheets, and treat them 
separately rather than to attempt to superpose circle 
diagrams themselves. The reason for this is that these 
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solutions are made as a part of a transient solution and 
because when done it is possible to avoid laborious 
cut and try processes by a single alteration in the curve 
sheets used in superposition. Upon superposing these 
curves a resultant diagram is obtained satisfying all 
power relations for the network, as well as a second 
diagram which satisfies all quadrature relations. A 
final superposition of these two gives a set of conditions 
which is common to both, and hence is a solution of the 
network under given conditions. 
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This, in brief, is the scheme of the superposition 
method. It is difficult to explain clearly in general 
terms, but specific examples will be presented in some 
detail, and in the course of this, it will appear why these 
particular superposition methods, avoiding the necessity 
of cut and try processes, have been adopted for the 
solutions incident to this transient analvsis. 
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EXAMPLES 


The underlying theory of this analysis has been 
presented in foregoing sections and it has been 
noted that characteristics of machinery, and lines are 
most readily introduced into the calculations in the 
form of kilowatt vs. angle charts and reactive kilovolt- 
amperes vs. angle charts. This modification of the 
ordinary solution has been found desirable for two main 
reasons: first, that the intersections obtained by use 
of the ordinary charts were obscure, and second, that 
refinements to introduce mechanical movement and 
subsidiary transients in the fields were readily appli- 
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cable to the new charts in such a manner as to elim- 
inate the cut and try processes otherwise incident to 
the consideration of these factors. 

The method of using these new tools will be illustrated 
in examples. The first case will be very simple for the 
purpose of presenting the general method, and because 
of its simplicity will not involve all of the refinements 
necessary for solutions of more nearly representative 
systems. The other cases will consider more extensive 
systems and will, we hope, present the method and 
refinements in sufficient detail making the extension 
to more complex systems apparent. 

Consider first a system consisting of a generating 
station of such dimensions that the high tension voltage 
at the sending end of a transmission line is substantially 
fixed in phase and magnitude, with a line transmitting 
power from this station to a receiver point where a 
condenser is operating to regulate voltage. Let us 
determine the operation of the system upon the sudden 
application of a block of load of constant kw. and kv-a. 
at the receiver end of the line. 

The characteristics used for the solution of the first 
point are, Fig. 3, the receiver end power characteristic 
of the line plotted vs. angle between the sending and 
receiving end voltages, H, and E,, Fig. 4, the receiver 
end kv-a. characteristic plotted also vs. angle between 
EH, and H,, Fig. 1, the power characteristic of the con- 
denser for the known initial field excitation plotted 
against electrical angle between the voltage of the im- 
pressed field or the center line of field structure and the 
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terminal voltage E,, and Fig. 2, the corresponding 
quadrature kv-a. characteristic for the condenser. 

Locate upon Fig. 3 the operating point of the line 
before the application of the additional load x; then 
place Fig. 1 upon Fig. 8 so that its 0° line coincides 
with this point of operation. If the zero power point 
of the condenser is also located at this point, the graph 
indicates steady state power conditions. However, 
since we are considering the application of an additional 
load of x kw., place the zero power line of the condenser 
on the load line equal to the total load as shown in Fig. 
5. Initially, the power in the condenser is zero, so 
that the angle between terminal voltage and field 
structure is zero. . Thus, the vertical distance between 
the displaced axes gives the angle between the voltage 
at the sending end of the line and the field structure of 
the condenser, which remains unchanged in the first 
instant after the application of additional load. 

It is apparent from Fig. 5 that the power require- 
ments of the system independent of the reactive kv-a. 
could be satisfied at any point on a locus indicated by 
the intersection of characteristics of the line and the 
condenser, for corresponding terminal voltages, shown 
on the dotted curve. This fixed superposition applies 
when the kw. of the load is independent of terminal 
voltage E,. In case of a load characteristic showing a 
variation of kw. with E,, it is sufficient to simply slide 
the two superposed curves horizontally with respect 
to one another, as the intersections are spotted in suc- 
cession, keeping the total horizontal displacement equal 
to the power in the load corresponding to the particular 
voltage curves being considered. This same process 
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applies to the consideration of quadrature kv-a. below. 

We can, in very similar manner, satisfy the kv-a. 
requirements independent of the power. In Fig. 6, 
we have made a solution for kv-a. under the initial 
conditions. 

The conditions obtaining upon the addition of a load 
of y kv-a. are as indicated in Fig. 7. 

The dotted curve indicates the possible operating 
range without regard to power requirements. It now 
remains to simultaneously satisfy the power and kv-a. 
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relations. This we can do by superposition of the two 
resultant characteristics when plotted upon a common 
base. We have chosen condenser angle and E, as the 
determining characteristics, but in this example line 
angle and E’,, could be used equally conveniently. 

When the two preceding loci are thus plotted, we 
obtain Fig. 8, the intersection indicating the operating 
point for the instant immediately following the appli- 
cation of load. Now knowing the receiver voltage and 
the angle of the condenser, we can readily determine line 
angle, line power and the other information desired. 
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The above indicates the approach to the problem but 
certain factors have as yet been omitted from the solu- 
tion. The first is the transient that occurs in the con- 
denser field as the current in the condenser armature 
becomes altered. The condenser characteristic used 
above was made for a fixed value of field current. The 
field transient may be taken into account by showing 
this characteristic on a somewhat different basis. Let 
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us compute, in advance, the change in condenser field 
current due to transformer action per ampere change of 
each component of armature current. Now construct 
the condenser characteristic in such a manner that for a 
constant terminal voltage the curve is not drawn for 
constant field current, but at each point for the field 
eurrent which would obtain, in accordance with the 
change of armature current in arriving at this point. 
Since this change of armature current for a given change 
in electrical angle is definite both in power and kilovolt- 
ampers for any particular terminal voltage, the resultant 
change in exciting current which would have obtained, 
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is likewise definite. When in computing later points, 
the conditions to be determined are for an instant at an 
interval of time after some preceding known conditions, 
the increment of field current is computed as a current 
generated equally throughout the interval considered 
and is then attenuated in a corresponding manner before 
being applied. For convenience the time interval 
chosen between computed points is taken equal, in 
order to facilitate the computations and make curves 
useful for more than one point. When the condenser 
curves are thus constructed the solution will automatic- 
ally be corrected to allow for the field transient in the 
machine. 

It may be noted that the above method of introducing 
the field transient involves the assumption of field currents 
in the condenser, which differ at each point of the chart 
and do not correspond on the two characteristics. 
However, since the operating point obtained as a solu- 
tion is that point at which the condenser angle and 
terminal voltages are identical on the two character- 
istics, the field currents involved on each characteristic 
at the intersection will be identical and correct for the 
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conditions obtained as a solution. At no other points 
on the curves would this obtain. 

Let us now determine the conditions obtaining after 
a short interval of time t. The rotor of the condenser 
has now made an angular movement of 6 deg. given by, 

dP =owt+uyqale 

where a, is the acceleration due to power increment at 
the preceding point, and w is the relative angular 
velocity at the beginning of the interval; zero in this 
case, but to be included for later points. Also the 
field current increment at the preceding point will have 
attenuated to a new value, even if the armature current 
has remained unchanged during this time t. 

First construct condenser characteristics for the new 
attenuated value of field current, correcting the curves 
as before to the field current that would obtain at any 
point that involves an armature current other than 
found for the last-known condition of flux. 

This curve will now be used in conjunction with the 
line characteristic in a manner similar to computations 
for the initial conditions; except that since the rotor has 
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been slowing down and has moved the distance @ be- 
hind synchronous speed position, the pole pieces of the 
condenser have now assumed an angle equal to the angle 
of the preceding point plus the angle of travel. This is 
shown in Fig. 9. It will be apparent that the con- 
denser may be delivering or receiving power at the 
end of this interval different from that at the starting 
time, and that the movement due to this additional 
accelerating force during the interval considered, has 
not been incorporated in the calculations. _ This is done 
by moving each point of the characteristic curves by 
an angle 6. Since the difference in power between that 
delivered at the preceding point and the new is variable 
during the time interval, we must consider a resultant 
acceleration. If we assume the variation of power to 
be linear with time during the short interval, we find 
that 
1 


6. = == (Yih 


where q@, is the maximum acceleration due to an addi- 
tional power increment during the period, and corre- 
sponds to the difference in power delivered from the 
condenser at the successive time intervals. Hence, 
after choosing a given time interval, we can compute 
what additional movement the rotor would complete 
during the interval by considering the power at the pre- 
ceding point as a base and computing the maximum 
acceleration which would obtain at any other power as 
that created by the difference between that power and 
the power at the preceding point. The additional 
movement due to this is then added to the electrical 
angle of the condenser for each point on the character- 
istic. This may be most readily done by merely ro- 
tating the axis of the power characteristics by the proper 
amount about the power point of the preceding interval, 
and then replotting the characteristic by measuring 
ordinates from this displaced axis. The same change 
in ordinate for each electrical angle of the condenser 
and terminal voltage is added to the kv-a. character- 
istic of the condenser. 

Where damper winding effects are important they can 
be introduced into the calculations at this point. Since 
these effects are induction motor action which is a 
function of the difference between the angular velocities 
of the rotor and the impressed voltage, we have the 
data for computation of this action. This will be 
facilitated if we consider this action to be the resultant 
of a constant slip velocity equal to the velocit 
w + 4 a,t, plus a variable velocity equal to 14 a. f. 
Since this variable element can be expressed as a func- 
tion of power at the end of the interval in a manner 
similar to space travel we can predict the damper 
winding effects that would obtain from operation at 
any point and add these effects to the characteristic 
of the synchronous machine in the manner indicated for 
power change in the interval. The field windings of 
the machine will give us similar effects, but in compu- 
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tations made for typical cases we have found these 
negligible. 

Succeeding points are now computed in similar 
manner and the progress of the transient mapped out 
point by point. After sufficient time has elapsed for 
regulator action to begin, the field current increment 
due to this cause is also added in at each point, taken 
from a curve for the regulator used on the condenser. 
The process is continued until sufficient information 
is obtained to determine whether the system will or 
will not lose synchronism, and how much voltage fluc- 
tuation is involved. 

From the above the method undoubtedly appears 
more laborious than it really is, although it is admittedly 
not simple, the problem being inherently complex. 
Yet in applying the superposition method, many short 
cuts will be seen; the necessary portion of character- 
istics only need be plotted, etc. For a system such as 
above considered, after the circle diagrams and first 
angle charts are prepared, two practised computers 
may readily determine the effect of a given disturbance 
inaday. Of course more complicated cases take much 
more time. 

Let us now apply these tools to more complex 
systems. Consider the system shown in Fig. 10. For 
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simplicity consider the system broken into two portions 
as indicated by parts A and B. We can prepare 
characteristics for the part indicated as A which will 
show independently the power and ky-a. characteristics 
of the line and generator at the receiver end vs. the 
angle between the voltage at the receiver end of this 
system and the voltage of the impressed field of the 
generators. This can be prepared quite easily in the 
manner outlined below for computations of the ap- 
proximate analysis. These curves, in the form of 
constant field current characteristics, can readily be 
applied to any case by choosing points from curves of 
proper values of field current to make up the character- 
istics which include the subsidiary transients. These 
subsidiary effects of changing armature currents can 
be applied to the characteristics in a similar manner to 
that used for condensers in the previous example. It 
will be noted here that the curves are plotted in terms 
of receiver values whereas the factors which enter into 
the computation of the field changes are sending-end 
values. These sending-end values are quite easily 
obtained when the equation for sending-end current is 
noted. 
I, = C,H, + Do I, 
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For any characteristic at constant receiver voltage, we 
may compute the change in sending-end current by 
multiplying the change in receiver-end current by De 
Hence the constant D, may be incorporated with the 
transformation ratio of armature to field of the genera- 
tor to make it a vector ratio of receiver-end current to 
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field current. In this case we must compute and include 


the angular swing of the hydro generators as well as of 
the condensers. This is handled in the same manner 


for each, computing with respect to a constant speed 
With these modifications the portion of the 


base. 
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consideration. The rate of swing of condensers and 
generators will not be the same, so each is computed 
separately, and this shift changed accordingly at each 
point. In this example the movement of the rotor of 
the turbo generator due to governor action, must also 
be considered. The unbalanced force to produce 
acceleration is the difference between electric and me- 
chanical shaft torques. The details of this computation 
of the variation of mechanical shaft torque need not be 
discussed further at this point. 

With these slight modifications we have now reduced 
our data for this system to a form similar to that used 
in the first example and no difficulties of solution should 
be found. 

Let us now consider a system that involves trans- 
mission lines sectionalized by condensers as indicated 
in Fig. 11. The treatment of this case, if modified 
slightly, will also apply when the mid condenser is 
replaced by a generator, or generator and load. 

The method of attack on this problem is similar to 
that used for previous cases, but is more involved as the 
present example has one additional degree of complexity. 
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system shown in A can be readily handled in a manner 
similar to that of the preceding case. 

The portion B of the system can be reduced to an 
equivalent single electric machine plus a load by adding 
together, as we compute each point, the characteristics 
of the steam generator and the condenser for equal 
angle displacements at the same terminal voltages. 
This is accomplished by superposing the individual 
characteristics with a shift in the direction of the axis 
of angles of an amount given by the angular displace- 
ment of the machines as computed for the instant under 


Receiver Power Characteristic of Generator and First Section of Line 
Power Characteristic of Condenser No. 1 

Power Characteristic of Second Section of Line 

Power Characteristic of Condenser No. 2 and Steam Generating 


The necessary tools for this solution are character- 
istics similar to those previously. used. The power 
characteristics are shown in Fig. 12. It will be under- 
stood that these are to be modified as in previous cases, 
to take care of increment power and subsidiary field 
transients in the interval under consideration. 

Fig. 124 is the receiver power characteristic of the 
hydro-generator and the first section plotted against 
angle between the voltage of the impressed field and 
the voltage at the mid point H,,. This is similar to one 
of the characteristics used in the preceding example. 
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Fig. 12B is the power characteristic of the condenser 
installation No. 1, plotted against the angle between the 
voltage of the impressed field and the terminal voltage 
En. 

Fig. 12c is a plot of both the sending and receiving 
power characteristics of the second section of the line 
against angle between LH, and H,. This figure, for 
simplicity, shows but one set of terminal voltage 
conditions. 

Fig. 12D is a summary plot similar to 12B for both 
the condenser No. 2 and the steam generator. 
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When the various angles between the field structures 
of machines are known, it will be sufficient to show the 
manner of obtaining the solution at a given instant. 
From an examination of Fig. 13, it will be apparent that 
the power conditions will be everywhere satisfied for 
any set of terminal conditions given by an arrangement 
of the charts as shown. The kv-a. conditions could 
be similarly treated, but in order to obtain good inter- 
sections in this particular type of system it has been 
found advantageous to adopt a slightly different method 
than used in previous examples, although it will be ap- 
parent that a similar group of charts could have been 
set up for solutions for reactive kilovolt amperes. 

The power charts are moved in position, keeping the 
relations shown in Fig. 13 always satisfied, and from 
each grouping of the power charts we record the power 
and angle of each of the component charts together with 
the terminal voltages assumed. We now tabulate with 
this material the kilovolt-ampere wattless component 
which would be required in each of the two condensers, 
as determined from line charts, in order to make con- 
ditions fixed by these power relations an actual operating 
condition. This then provides us with a tabulation of 
required wattless component of each of the condensers 
against terminal voltage. We also have a tabulation 
of terminal voltages, fluxes and internal angles of these 
same machines as specified by the power components 
of the condenser output. Since each of these sets of 
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data specify the condenser conditions, we now have a 
means of determining the operating point by finding the 
point at which the specifications of operating conditions 
from power and wattless components of load are iden- 
tical. Since condensers one and two must simul- 
taneously satisfy these requirements the solution may 
not be immediately apparent and will be _ briefly 
outlined. 

Plot the required condenser actions as in Figs. 144 
and 148. Fig. 144 shows the required input to the 
mid point condenser for various receiver voltages E’, 
plotted vs. H,, and 14B in a similar plot for the condenser 
at the receiver end. We have also shown on these plots 
the kv-a. characteristic of the corresponding condensers 
for various angles between the pole pieces and the termi- 
nal voltages. The above figures show graphically what 
condenser angle will be required at each station for 
various combinations of mid point and receiver voltages 
as specified by reactive kv-a.-relations. Since the 
power relations, first satisfied, have also specified the 
angles on the condensers for similar combinations of 
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voltage, we can plot the requirements specified by each 
set of conditions and thus determine the operating 
point. From superficial consideration of the above, it 
might appear that a plot of requisite condenser angle at 
each point as determined from power and reactive 
requirements would be sufficient to determine independ- 
ently each of the condenser angles. However, since we 
have an additional requirement that the power and kv-a.- 
relations for both condensers shall be satisfied simul- 
taneously—t. e., when all other determining conditions 
of the circuit are identical—we find it desirable to 
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express the angle of each condenser in terms of some 


function common to both. 

We find that the angle of the mid point condenser can 
be expressed in terms of the first section line angle, 
since the condenser field structure will maintain a posi- 


Eres 15 


First Section Line Angle for Preceeding Point 
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Electrical Angle of Condenser Plus Space Travel Due to Acceleration 
Total Angle of First Section of Line 

. Travel Due to Velocity of the Rotor Plus Acceleration of Power of 
Preceeding Point 
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tion with respect to the sending voltage in accordance 
with the computed angle @, plus the angular movement 
due to acceleration during the interval which is later 
incorporated in the condenser characteristic. Where 
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we have referred to the angle between the pole pieces of 
a machine and the terminal voltage, we mean the angle 
between the space position of the voltage of the im- 
pressed field at the start of the interval and the terminal 
voltage at the end of the interval. Hence we know 
that the line angle of the first section, at any time, must 
equal the line angle at the start of the interval, minus the 
electrical angle of the condenser at the start of the inter- 


val, plus the angle 6, plus the angular movement of the 
rotor during the interval, plus the electrical angle of 
the condenser. This for computations for conditions 
at any given time reduces to a constant plus the angle 
of the condenser. These relations are shown in the 
vector diagram, Fig. 15. 

In a similar manner we can express the action of the 
receiver end condenser in terms of the angle of the first 
section of the line by knowing the total angle of the 
system at the preceding point and deducting from this 
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the angle necessary in the second section to transmit 
the reactive kv-a. specified for any condenser position 
with the values of E,, and E, also specified, and adding 
the change in receiver end condenser angle shown on 
graphs. By this construction we obtain graphs which 
depict the requisite angle of the first section of line 
as specified by the mid point condenser and by the 
receiver-end condenser which we can superimpose on 
the line angle specified by the power relations as shown 
in Figs. 164 and 168. These two charts give loci of 
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operation which would be possible as specified by each 
of the condenser characteristics. Now, by superim- 
posing these two loci as shown in Fig. 24, we obtain the 
operating point. 

It may be remarked that the power characteristics 
shown in Figs. 164 and 168 are identical but the opera- 
ting point determined from plotting both condenser 
characteristics on one chart is obscure. This results 
from attempting to determine the intersection of two 
lines in space, 7. e. three dimensions—from one pro- 
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jection. However, by transferring the operating lines 
to the above Fig. 17, we obviate this difficulty. 

We have found that the results of the foregoing analy- 
sis may most readily be presented in the form of plots 
similar to those in Fig. 18, which depict results of calcu- 
lations for a system similar to that used in the second 
example. Fig. 18c, which is a plot of line power vs. 
line angle, is found especially useful. If the points are 
plotted upon this characteristic, it will be possible to 
predict whether the system will stay in synchronism 
or go out by the movement of the operating points. It 
can be demonstrated analytically than when the power 
over a section of line decreases as the angle increases, 
that element of the system has entered upon a cycle of 
cumulative unstability. There are many interesting 
features indicated in these curves, but the space avail- 
able is so limited that this discussion must be omitted. 


CONCLUSION AND COMMENTS 


We have outlined in this paper certain methods of 
analysis of the behavior of power systems during 
transient conditions. We have confined the paper to 
an exposition of methods. As a result of our experi- 
ence in using these methods, we have several suggestions 
which we believe will assist others in their application 
to specific problems. 

The stability of systems is greatly influenced by the 
characteristics of the connected machines. Hence it 
becomes desirable to obtain comparisons between 
machines of different designs from the standpoint of 
their relative effects in the maintenance of stability in a 
system. We find this can be most readily accomplished 
by analyzing their performance when connected to a 
typical simple system, using approximate analyses. 
However, the process should be checked by occasional 
complete analyses in order to make sure that the result 
of introducing approximations is to affect each machine 
studied to substantially the same extent. For example, 
the use of an exciter system of more rapid response will 
undoubtedly influence the comparison between alter- 
nators, and may even render a different approximation 
more nearly applicable. That is, it may become 
advisable to use the assumption of constant air-gap 
flux in the approximate methods of comparison when 
such an exciter system is used rather than the as- 
sumption of a complete subsidence of field transient 
such as appears to give more dependable results when 
the exciter system responds slowly. A complete 
analysis will determine the matter. It is also advisable 
to analyze the effect of the machine studied in different 
networks in order to be sure that the simple one adopted 
as a basis for comparison will give results which are 
not misleading. 


It appears, from approximate analyses we have made 
of complicated networks, that a disturbance may often 
produce instability in a single element of the networks, 
and that when this occurs the network as a whole will 
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become unstable provided the element 1s of a magnitude 
comparable with the remainder of the system. 
Whether approximate analysis indicates correct con- 
clusions in such a case can of course be determined by a 
point by point analysis. Even when the network is so 
complex that a complete analysis would be very labor- 
ious, the question may often be settled by the com- 
putation of two points only to give the direction in 
which operating characteristics begin to vary after the 
first instant. The approximate analysis based on 
transient reactance gives the solution for the first of 
those points applying to the instant after the applica- 
tion of the disturbance. The second point, if refine- 
ments are considered unnecessary may even be com- 
puted in the same manner after introducing computed 
angular differences. 

We have found in examining the behavior during 
disturbances of a portion of a system, such as a trunk 
transmission line, that widely different results are 
obtained according to whether this element is treated 
as a separate unit or in connection with the network to 
which it connects. Hence, in examining the design 
of such an element of a system, it is advisable to make 
at least some complete analyses of the entire system. 
The influence of a connecting line depends not only 
upon its line constants but also upon those of any 
generating stations and load to which it ties the main 
transmission unit. 


DECREASING COST OF ELECTRICITY 

From a survey recently made in 82 cities, it is brought 
out that the cost of electricity has decreased very con- 
siderably in comparison to other living commodities. 
Since December, 1918, the cost of electricity has de- 
creased 8.6 per cent while the cost of clothing has in- 
creased 74.2 per cent. Other necessities have increased 
rather than decreased; for instance, house furnishings 
have increased 116 per cent, housing 68 per cent, 
foodstuffs 42.4 per cent and miscellaneous necessities 
69.1 per cent. 

Like electricity, the cost of lamps has decreased. In 
the past two years prices have been reduced 37 per cent. 

The time is ripe for the greater use of light than ever 
before. Without electric service and light, every 
activity in which we are engaged would suffer and yet 
there are many who hesitate to buy an additional 
portable lamp for their home or larger sizes of lamps for 
the factory or office for fear of a slight increase in the 
electric bill. With the added comforts and many 
advantages of more and better light, the present day 
low cost of light as shown by comparison to other 
commodities offers a most effective selling point in 
merchandising good lighting. 


Night and day,'a perpetual light will burnin memory of 
the men of New York City who perished in the World 
War. The light illumines a golden star atop a flagstaff, 
and is the’gift of Rodman Wanamaker 


Temperature Errors in Induction Watthour 
Meters 


An Analysis and the Development of a Temerature-Sensitive 
Magnetic Material Suitable for Compensation 


BY I. F. KINNARD: 


Associate, A. I. E. E. 


Synopsis:—This paper is presented in two principal divisions, 
Part I and Part II. The first deals with the general problem of 
small errors due to temperature changes in watthour meters and 
describes methods of segregating the various components of these 
errors. It is shown that they may be divided into two principal 
groups, termed Class 1 and Class 2. Class 1 errors are operative 
at all power factors and are of the greater importance; Class 2 
errors are important only at low power factors, and methods of 
eliminating these are pointed out. Both of these classes are further 
subdivided into their component parts. 


Part I 


INTRODUCTION 


N electro-magnetic device, such as an induction 
watthour meter, the operation of which depends 
upon the exact magnitude and phase relation of the 
various fluxes, is more or less susceptible to changes due 
to variations in temperature. This is to be expected 
when it is considered that almost all of the properties of 
ordinary electrical and magnetic materials change to 
some extent with temperature and that in some of the 
essential materials in a watthour meter, such as copper 
and magnet steel, this change is very marked. It is 
true that this type of watthour meter is, to a large 
extent, inherently self-compensating and that the varia- 
‘tion in speed of a well-designed meter, when a change in 
temperature occurs, has generally been considered too 
small to have any serious effect on accurate metering. 
In keeping with the constant tendency toward more 
precise measurement of power, however, it is expedient 
that this problem should be given careful consideration 
and steps taken to reduce the small effect of ambient 
temperature and self-heating. 

There has been very little material published on the 
problem of temperature errors in induction meters, as 
far as the authors have been able to determine. 
Fawssett? has described a precision watthour meter in 
which he has used a manganin lag plate and a control 
magnet mounted upon a bi-metal support which moved 
in and out in such a manner as to effect a temperature 
compensation. There has been at least one other 
meter designed utilizing the bi-metal principle in an 


1. Both of Engineering Department, West Lynn Works, 
General Electric Company. < 

2. New Precision Watthour Meter—The Electrician, March 
7, 1924. ae 
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In Part II of the paper ts described a method of convpensating 
for Class 1 errors by means of magnetic shunts made of thermalloy. 
The term “Thermalloy” is applied to a series of copper-nickel-iron 
alloys having a large negative temperature coefficient of permeability 
and other unusual properties. These alloys are discussed in some 
detail, their manner of preparation and application being considered 
original. 

In the appendix, 


thermalloy is described. 
* * * * * 


a novel magnetic thermometer utilizing 


endeavor to correct temperature errors by mounting 
the magnet adjustment-disk so that it is free to move 
closer to or farther from the magnet depending upon 
the ambient temperature. These schemes are depend- 
ent upon a mechanical motion about which there ‘is 
always more or less uncertainty, and the magnitude of 
the compensation depends upon the position of the full 
load adjustment on the meters; so they are at best 
only approximations. 

In order to arrive at a proper understanding of the 
nature of this problem, it will be well to review the 
causes of temperature errors in some detail. 
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ANALYSIS OF TEMPERATURE ERRORS 

It is generally known that induction-type watthour 
meters increase slightly in speed when a temperature 
rise occurs. Fig. 1 is typicai of the relationship existing 
between percentage change in meter speed and tem- 
perature for common types of watthour meters at 
unity power factor and at 50 per cent power factor. 
It will be seen that a considerable difference in speed 
may be occasioned by a change from outside zero 
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weather to a heated room, which is of course an extreme 
condition of use. The effect of temperature at low 


power factors, current lagging, is much less than at , 


unity, which indicates a greater tendency toward self- 
compensation under the former conditions. Different 
makes of watthour meters exhibit considerable differ- 
ence in temperature characteristics, and some have a 
greater speed increase with rising temperature than that 
shown in Fig. 1; but in general they all follow the same 
laws. 

In order to analyze the phenomena of temperature 
errors, we adopted the experimental method of select- 
ing one possible variable and by holding it constant 
while the temperature was changed noting the result 
on the meter’s performance. 

There are two main classes into which the various 
factors governing changes due to thermal effects may 
be divided: 

1. Factors governing the magnitude of either poten- 
tial or current fluxes, or both, or the magnitude of the 
damping flux. 

2. Factors governing the phase relation between 
potential and current fluxes. 

Due to the fact that the torque is proportional to 
the sine of the angle between the useful potential and 
current fluxes, and that in a properly adjusted meter 
these are exactly at right angles for unity power factor, 
it follows that any small variations in flux phase rela- 
tions are not important at high power factors. For 
example, a shifting of three degrees at 100 per cent 
power factor changes the torque only 0.14 per cent, 
while the same change in angle if the meter were opera- 
ting at 50 per cent. power factor causes a change in 
torqueofnearly9percent. Itmight, therefore, bestated 
that errors under Class 1, are equally operative at all 
power factors and that those under Class 2, while negli- 
gible at unity power factor, are increasingly operative 
as the power factor decreases. 

It has long been suspected that the control magnets 
were responsible for a large share of the observed tem- 
perature coefficient falling under Class 1. Several 
writers’ have pointed out that permanent magnets 
have a decided temperature coefficient and that their 
strength decreases with an increase of temperature. 

In order to ascertain to just what extent the magnet 
was responsible for the errors observed at unity power 
factor, it was necessary to devise some method whereby 
the braking torque could be held constant while the 
meter was raised to various temperatures. This was 
attempted in several ways, one of which was evidently 
quite successful as will be described below. Tests of 
this nature are inherently difficult and tedious, but 
great pains have been taken in obtaining the results 
herein described and it is believed that the information 
is reliable. 

The method that we found to be most successful 


3. The Effects of Changes of Temperature on Permanent 
Magnets—Am. Jour. Sci., Vol. XV, No. 87, March, 1903. 
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for holding the damping flux constant was by the use of 
a soft iron magnet having the same shape as the stand- 
ard type I-14, with which we were working. Magneti- 
zing windings, having sufficient turns to provide the 
required damping flux by the use of a very small 
magnetizing current, were placed around each half of 
this magnet. In order to measure accurately just how 
much damping flux was cutting the disk, an exploring 
coil wound in the general form of the figure 8 and shaped 
to conform to the outline of the meter disk was wound 
on a celluloid form and placed in close proximity to the 
bottom of the disk. Substantially, all of the damping 
flux that cut the disk was linked with this exploring 
coil. By connecting the latter to a ballistic galvanom- 
eter and reversing the primary current in the electro- 
magnet, a means of measuring the total flux ballistically 
was provided. In order to get the required accuracy of 
one-tenth of one per cent which we desired in this 
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Fie. 2—D1aGRAM oF CONNECTIONS OF APPARATUS FOR DE- 
TERMINATION OF TEMPERATURE ERRORS Dur To MAGNETS 
P—Damping Magnet Winding 
X—Meter Under Test 
T—Exploring Coil A—Ammeters 
W—W attmeter M—Mutual Inductance 
S—Standard Watthour Meter. 


G—Galvanometer 
V—Voltmeter 


experimental work, a null method of measurement was 
adopted rather than a deflection method. This con- 
sists essentially of simultaneously reversing the currents 
in the primary of a standard mutual inductance and 
in the magnetizing coils on the magnets. The respect- 
ive impulses in the secondaries were passed differen- 
tially through a ballistic galvanometer, and when the 
point of balance was obtained the value of the current 
in the mutual inductance was the measure of the total 
effective flux of the damping magnets. 

A diagram of connections is shown in Fig. 2. The 
reversing switches S; and S» were connected together 
mechanically so that they could both be reversed at the 
same instant. The procedure in making the test was to 
adjust the current in the damping electro-magnet by 
means of the rheostat R, until the meter ran at the 
desired speed. The flux was then measured by ad- 
justing the current in the primary of the mutual induct- 
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ance until the galvanometer gave no deflection when 
both switches were reversed. The value of the flux 
passing ‘through the disk and exploring coil could be 
readily calculated from well-known magnetic formulas 
such as are used for ordinary ballistic testing and need 
not be given here. After the meter speed at room 
temperature had been measured, the temperature of the 
meter under test was raised to the desired value, the 
damping flux was adjusted to its original strength, and 
the speed was again determined by comparison with a 
standard test meter which was kept at room 
temperature. 

This test was reasonably satisfactory and gave 
results which were quickly checked to within one-tenth 
of one per cent. One great advantage which it pos- 
sessed was that the meters under test need not be 
changed in any other respect; and, therefore, the 
results obtained were directly applicable to a stand- 
ard induction watthour meter. This apparatus was 
first useful to determine the relationship existing be- 
tween meter speed and total flux in a magnet under 
constant load conditions. Fig. 3 shows one of the 
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Meter run under constant load conditions and damping flux varied. 


curves obtained on a meter running at full load and 
unity power factor, the damping flux being varied in 
such a manner that the speed changed from approxi- 
mately 75 to 500 per cent of full load speed. 

If plotted on double logarithmic paper, the speed 
will be seen to vary inversely as the 1.8 power of the 
flux. 

Meter speeds were next measured, at various 
temperatures, and constant damping torque at unity 
power factor and 50 per cent power factor both at full 
load and light load. Part of these tests were made with 
the lag plate completely removed from the meter, thus 
determining just what effect this had on the temperature 
coefficient. Complete curves were taken in each case, 
and sufficient points were obtained and check tests made 
to minimize observational or accidental errors. 

The results of tests at 100 per cent power factor 
are shown by Curve A in Fig. 4. It will be seen that 
even with constant braking flux the meter speed still 
increases with increase in temperature. This must be 
due to an actual increase of driving flux cutting the 
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disk, as it cannot be explained by a change in phase 
relation of the flux as noted previously. 

Referring further to Fig. 4, Curve B represents a 
temperature-speed curve taken with the retarding 


torque supplied by a standard control magnet. The 
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difference between these two curves is represented 
by Curve C and is the effect of the change in flux of the 
damping magnet on the meter speed. Curve C, then, 
is the actual change due to the temperature coefficient 
of one particular magnet; and, although we have 
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ines 


reason to believe that magnets vary somewhat in re- 
gard to the magnitude of this effect, this curve is fairly 
representative. The diagonal Curve Die Wigs 
represents the actual change in total flux of the magnet 
corresponding to this change in meter speed as obtained 
from the flux-speed curve shown in Fig. 3. This shows 
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a nearly linear relation and indicates that the tempera- 
ture coefficient of the magnet is approximately—0.0003 
per deg. centigrade. 

In Fig. 5 Curve A are shown the results of tests made 
with a constant damping flux at 50 per cent power 


factor. In this case, the meter slows down with in- 
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creasing temperature and this effect is undoubtedly due 
to the shifting of phase relations noted under Class 2 
errors less the increased driving torque, as shown in 
Fig. 4 Curve A. By adding to the former curve, the 
change in speed due to the permanent magnet Fig. 4 
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PLATE 
A—Net Change in Speed with Constant Damping Flux 
B—Increase in Speed Due to Change in Driving Torque 
C—Total Change in Speed Due to Class II Errors Without Lag Plate 


Curve C, we arrive at Curve C Fig. 5, which is the usual 
increase in speed noted with a standard meter at 50 
per cent power factor. 

Considering Fig. 6, Curve A is the same as shown in 
Fig. 5 and is the net negative error observed at 50 per 
cent power factor with damping flux held constant. 
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If we now subtract from this the error observed at 100 
per cent power factor under the same conditions, which 
is constantly present in the opposite direction, we 
arrive at Curve C, the total change in driving torque 
due to a shift in phase angle with temperature. It will 
be noted that this is nearly a straight line, and the 
reason for it will be described later. 

The lag plate was then removed and the 50 per cent 
power factor test repeated. The results are plotted in 
Fig. 7 Curve A. By subtracting from this the results of 
a similar test at unity power factor, we obtain the total 
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change due to shifting of phase angle, as shown by 
Curve C. By comparing these results with Fig. 6, 
it will be seen that the lag plate has a very decided part 
in the meter’s temperature coefficient at low power 
factors. 

In order to check these results, some direct tests 
(which it is hoped will be described in more detail in a 
later paper) were made on permanent magnets; and, 
insofar as horseshoe magnets of the general types found 
in Fig. 8 are concerned, it has been conclusively shown 
that the relation between strength and temperature is 
such as is illustrated by the curve in Fig. 9. Ina 
properly treated magnet, there is a definite strength 
corresponding to a given temperature, and heating and 
cooling curves are substantially the same for tempera- 
tures under 100 deg. cent. providing the magnet is held 
at any one temperature for a sufficient length of time 
to reach equilibrium. 
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It has been suggested by some of our colleagues that 
the jaws of the magnet at aa’, Fig. 8, might open slightly 
with a temperature rise, thus causing an increase in the 
length of air gap and a consequent diminution of flux. 
Thorough investigation has been made of this effect 
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and it has been found negligible in relation to the 
others; for although a very slight effect of this nature 


does exist, it amounts to only a small percentage of the 


total observable increase in meter speed with tempera- 
ture. A very extended investigation of this phase of 
the problem was completed nearly two years ago by 
the author, and the method adopted for detecting 
changes in the gap with temperature was to insert a 
skeleton meter with magnet attached in an oil bath 
suitably controlled with heating and cooling coils. Any 
change in the gap was amplified by means of a scissors- 
arm arrangement and the motion was accurately meas- 
ured with a cathetometer. In order to get the effect of 
changes in the length of gap on the meter speed, the 
magnets were forced apart by means of a special clamp 
and the actual change in gap measured with an optical 
device which reflected a beam of light on a scale at a 
distance. The principal conclusions derived from this 
work were as follows: 


Potential Flux 
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A. Equivalent Circuit Diagram of Potential Element of Watthour 
Meter, Secondary Circuit Neglected. 

B. Vector Diagram of Watthour Meter Omitting Secondary (Lag 
Plate and Disk) Currents 


1. All magnets tested showed a definite tendency to 
open their gaps under temperature, so that the length of 
air gap was increased by amounts varying from 0.1 to 
0.35 per cent for a 60 degree (Centigrade) rise. This 
expansion is undoubtedly due to the relieving of internal 
strains and is partly dependent on the exact heat 
treatment to which the magnets have been previously 
subjected. 

2. The meter speed was affected by amounts ranging 
from 0.08 to 0.26 per cent by changes in the dimensions 
of the air gap due to 60 degrees (centigrade) rise in 
temperature. The maximum change noted accounts 
for less than 7 per cent of the total temperature error in 
the meter, and on the average the increase in the length 
of the air gap might be expected to account for approxi- 
mately 5 per cent of this error. 

As a result of this work, the factors causing tempera- 
ture errors may be further subdivided as follows: 
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Class 1: 


1. Internal changes in permanent magnet steel. 

2. Change in length of air gap of magnets. 

3. Change in permeability of magnetic circuits of the 
potential and current elements. 

4. Small change in magnitude of potential flux, due 
to shifting in phase of the magnetizing current (see 
vector diagram in Fig. 10). 

Class 2: 

1. Change in resistance of potential windings. 

2. Change in iron losses in potential element. 

3. Change in resistance of lag plate. 


DISCUSSION OF CLASS 2 ERRORS 


From theoretical considerations, it may be shown 
that the predominant reason for Class 2 temperature 
errors in induction meters lies in the fact that the 
resistance of the potential windings causes a phase 
displacement between the applied, or line, voltage and 
the induced voltage and that the value of this resistance 
is dependent upon temperature. 


Without reviewing the general theory, we may state 
that the torque is proportional to the product of the 
current and potential fluxes and the sine of the angle 
between them. We have already shown (page 12) that 
the lag plateaccountsfor about 30 per cent of the Class 
2 temperature errors by virtue of its change in re- 
sistance; hence we shall now leave it out of the discus- 
sion. Since the power used to drive the disk is only 
about 0.1 per cent of the loss in the potential element, 
when discussing vector relations between the main 
fluxes and potential drops this small induced current 
may be entirely neglected. 

Considering the potential element. then, we may 
represent it by the simple equivalent circuit as shown in 
Fig. 10A; the line voltage V is balanced by the in- 
duced voltage EL, and the I) 7r, drop in the windings. 
The exciting current J, may be divided into the usual 
components Eg and H,jb representing the power 
and magnetizing portions respectively. If we now 
draw the vector diagram for this circuit as shown in 
Fig. 108, using the actual measured values of the vari- 
ous constants of an induction watthour meter, the 
relative importance of iron losses and ohmic resistance 
as they affect the phase relations is seen at a glance. 
The torque 7 may be expressed by the following 
equation as noted above: 

T © o, o1sin A; 
or, since d, © H,and qi TI, 

Tork f costAg 
Now A, = \ + ¥, where cos 2 is the line power factor 
and w is the angle between the line voltage and the 
induced voltage. Therefore, to get a change in torque 
due to change in angle y, either r; or J) must change. 

It is evident that the angle y is approximately directly 
proportional to the resistance r:, and therefore, at low 
line power factors any change in 7; means an appreciable 
change in torque. 
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If, however, the iron losses are eliminated entirely, 
thus bringing J, in phase and equal to J,,,, the magnitude 
of I) 7; remains practically unchanged with no resulting 
change in torque. This is not strictly true, because the 
theorv of the meter assumes F, to be proportional to V 
and a shifting of the angle of the vector J) 7; with vary- 
ing iron losses will result in a small variation in this 
proportionality. This variation affects Class 1 errors 
slightly and may be grouped with them. 

' From the above discussion, it will be seen that if the 
resistance r, be either held constant or reduced to a 
negligible value, the principal cause of Class 2 tempera- 


PERMEABILITY 
ow 
ro) 


ipo) 
oO 


rary 
ao 


0 =) Se a ia 
5m OS) 100 e200 gen 40 6 50 60 
DEGREES CENTIGRADE 


JO S090 100 


Fig. 11—TemPpratTuRE-PERMEABILITY CURVES FOR FiIva 


SAMPLES OF THERMALLOY H = 15 


ture errors will be removed. In precision meters it is 
preferable to reduce the ohmic resistance by enlarging 
the winding space available in the potential element. 

fF In order to check the above analysis experimentally, 
an induction meter was tested without a lag plate at 
50 per cent power factor. By starting with an addi- 
tional resistance inserted in the potential circuit, it was 
possible to keep the total resistance constant as the 
meter was heated to 60 deg. cent. by gradually cutting 
out the former. It was found that the meter then 
had substantially the same characteristic speed-tem- 
perature curve as that shown in Fig. 1, thus indicating 
that change in resistance was entirely responsible for 
Class 2 errors. 


DISCUSSION OF CLASS 1 ERRORS 


These errors are operative at all power factors and 
are the most important to be considered. They 
arise from causes that, in general, cannot be removed 
and hence must be compensated for. In the great 
majority of cases, single phase meters are operated at 
power factors above 90 per cent; and, hence, if Class 1 
errors can be eliminated, a substantia! advance in the 
art of accurate metering has been effected. 

A very satisfactory method of accomplishing this 
has been worked out and will be described in Part II. 


Part II 
THERMALLOY, A TEMPERATURE-SENSITIVE 
MAGNETIC MATERIAL 


We have recently succeeded in developing a series of 
magnetic copper-nickel-iron alloys having low points of 
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magnetic transformation combined with a linear 
temperature-permeability relation. The particular 
series of alloys that have been found satisfactory for our 
purposes have been given the distinguishing name of 
“Thermalloy”’ and a letter is used to designate the 
exact composition in each case. At present chief use 
is made of two particular alloys belonging to this group 
which are designated as thermalloy A and thermalloy B. 


. In Fig.11 is shown a family of curves representing the 


relationship existing between permeability and tem- 
perature for samples of this material in a constant 
field of 15 gausses. 

In order to test these alloys for uniformity, a simple 
device is made use of as illustrated in Fig. 12. A 
standard test piece, 7’, weighing five grams is suspended 
by a permanent magnet, A, in a water bath which can 
be gradually heated by the small heater B. When the 
test piece has reached the temperature at which the 
magnet can no longer retain it due to the fact that it 
has become practically non-magnetic, it falls into the 
retaining basket, C. The temperature of the bath is 
read by a thermometer and this gives a value that is 
proportional to the point of magnetic transformation 
of the material under test. Although this reading is 
somewhat below the true transformation point, when 
the test piece falls from the magnet its permeability is 
very low indeed and for most purposes can be considered 
non-magnetic at that particular temperature, which 
we shall term its release point. 


Fic. 12—Dervicr ror Conrrot Tests on THERMALLOY 

In obtainingfrelease points we usually make use of a 
sample 5/32 inch in thickness, and it has been found 
from experiment that there is practically no difference 
in results if samples varying from 1/16 in. to 14 in. are 
used. This simple test, therefore, gives a very ready 
means of comparing different melts of the same material 
and also of obtaining the relationship existing between 
apparent point of transformation and percentage 
composition of the alloy. 

By referring to the permeability-temperature curves 
in Fig. 11 it will be noted that the permeability rapidly 
decreases at a nearly constant rate until it approaches 
that of air when its rate of decrease diminishes. It 
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might be noted at this time that the so-called “release 
point” as measured by our testing device agrees very 
well with the temperature at which these curves appear 
to Teach the permeability of air. For example, Curve 
A is taken on a material that has a release point varying 
from 92 to 98 deg. cent., whereas the curve indicates 
approximately 100 deg. cent. 

Fig. 13 shows release points plotted against per 
cent copper, and it is interesting to note that the re- 
lationship is practically linear. Small irregularities in 
the case of some of the samples are probably due to 
slight variations in the pouring temperatures and cool- 
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ing rates. The samples were melted in an Ajax high 
frequency induction furnace, poured, and allowed to 
cool in sand moulds. Alloys of this nature vary mark- 


edly in magnetic properties with composition and heat 


treatment,‘ hence conditions must be carefully con- 
trolled in order to produce uniform results. Gans 
and Fonseca® have published an interesting article 
showing how the point of transformation from a ferro- 
magnetic to para-magnetic state in pure copper-nickel 
alloys varies with the composition. The values of 
transformation points obtained by them check those 
shown in Fig. 13 very closely, although they worked 
with pure nickel. This close agreement is probably 
largely accidental, however, because methods of test 
differ widely and they do not specify heat treatment 
which is very important. These investigators found a 
linear relation which checks our results, but so far as 
we have been able to learn no one has investigated the 
character of permeability-temperature curves below 
the transformation point for these alloys. 
Thermalloy A contains approximately: 

Cu 30.0 per cent 

Ni 66.5 per cent 

Fe 2.2 per cent 

Impurities 1.3 per cent 

One effect of adding iron to the alloy is to raise the 

point of magnetic transformation. The addition of 
2.3 per cent of iron to an alloy of 70 per cent pure 
nickel and 30 per cent electrolytic copper raised the 


4. Nickel and its Alloys—Bureau of Standards Circular, No. 100. 
5. Die Magnetischen Eigenschaften von Nickel-Kupfer 
Legierungen—Ann. Physik, 61, p. 742. 
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release point about 45 deg. cent. Since most com- 
mercial nickels contain some iron we simply add suf- 
ficient additional to bring the total percentage up to 
the desired value. Among other advantages it is 
possible to obtain the required results at a much lower 
cost in this manner. 

Heat treatment of thermalloy has important effects 
on its magnetic properties. Grade A, for instance, 
gives an average reading of 95 deg. cent. as its release 
point in our test when cooled slowly in a sand mould; 
if it is cast in graphite moulds it is practically non- 
magnetic at 20 deg. cent. The same metal when cast 
ina mould of zirconium silicate released at 60 deg. cent. 
The castings in beth of these cases were one-half inch 
square and seven inches in length. In the case of the 
bar having the 60 deg. release point heating for two 
hours at 700 deg. cent. and cooling in air raised this 
point to 98 deg. A sample having a release point of 
95 degrees was heated to 900 deg. and quenched in 
cold water. This treatment lowered its release point to 
75 deg. It will be seen, therefore, that in order to 
obtain uniformity in results it is necessary to carefully 
control the conditions under which the alloys are made. 

The heating and cooling permeability-temperature 
curves are practically identical for thermalloy, pro- 
viding it is held at any one temperature for a sufficient 
length of time to reach equilibrium. This is on account 
of the extremely small hysteresis loss in this material. 
In Fig. 14 are shown the points obtained on a hysteresis 
loop taken at a maximum magnetizing force of 100 H, 
which serves to bring it well past the knee of the normal 
induction curve. Within the limits of accuracy of the 
apparatus used in obtaining these data very little loss 
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can” be detected. Another unusual characteristic is 
that the retentivity is only about 8 per cent of the 
maximum induction so that with an air gap in the mag- 
netic circuit the remanence should be inappreciable. 
The Heusler alloys® are similar from a metallurgical 
point of view to the alloys just discussed since both are 
solid solutions with copper as the solvent. Also the 
Heusler alloys have low points of magnetic trans- 


6. Verhandlungen der Physikalischen Gessellschaft, 5, p. 219; 
1903. 
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formation and increasing the copper content lowers 
this critical point. In general, they are more difficult 
to work with, both in regard to casting and machining, 
than the copper-nickel series. 

From the foregoing it will be seen that we now have 
available an almost perfect means of compensating for 
variations in watthour meter speed with temperature. 
Fig. 17 shows a magnetic shunt made of thermalloy 
inserted between the damping magnets, of a watthour 
meter. In this arrangement two single magnets are 
paired together and the polarity is such that there is a 
small amount of flux circulating around the path 
a, b, c,d. We may think of this part of the flux as 
being shunted from the main path across the gaps and 
it is increased by the insertion of the small bridge, S, of 
thermalloy, which may be termed a magnetic shunt. 
With an increase of temperature the total flux of a mag- 
net decreases as has previously been described, whereas 
in order to effect a compensation for Class 1 errors it is 
necessary that the total damping flux actually increase 
somewhat. In the device shown in Fig. 17, this 
condition does exist because as the temperature rises, 
the permeability of the magnetic shunt decreases 
linearly and a larger percentage of the total flux 


Fia.- 17—Scuematic Diagram or MaGnet COMPENSATION 
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crosses the air gaps A.A. By selecting a shunt.of the 
correct dimensions this effect will exactly compensate 
for the overall temperature error of the meter. 


An average speed-temperature curve for a watthour 
meter has been shown in Fig.1. It will be seen that the 
rate of decrease of meter speed with temperature 
increases rather rapidly just below room temperature, 
whereas the rate of increase in permeability of ther- 
malloy A below room temperature has a tendency to 
decrease. This would result in under-compensation at 
low temperatures, and in order to overcome this dif- 
ficulty we have made use of a compound magnetic 
shunt; that is, we insert a piece of thermalloy B in 
parallel with the first. This has a release point of 
15 deg. cent. and hence is non-magnetic at ordinary 
room temperatures. As the temperature falls, however, 
it serves to correct the under compensation as above 
noted due to its increasing permeability, thus giving 
results that are correct at very low temperatures. The 
cross sections of these two shunts are so adjusted that 
the meter runs at correct speed at -- 14 deg., + 25 deg. 
and 55 deg. cent., and the compensation holds good 
over considerably larger ranges. 


CONCLUSIONS 
Temperature errors in induction watthour meters 
can be divided into two general classes,—1. Those 


KINNARD AND FAUS: TEMPERATURE ERRORS 


Journal A. I. E. E. 


affecting the magnitude of the driving flux or damp- 
ing torque, 2. Those affecting the phase relation be- 
tween the line voltage and induced voltage in the 
potential element. 

The permanent magnets used for damping are re- 
sponsible for the greater portion of the errors under 
Class 1, and this being due to a natural characteristic of 
magnet steel cannot be eliminated. 

Ordinarily, Class 2 errors are not of great importance, 
but they can be reduced by proper design of the po- 
tential element. They are caused almost entirely by 
changes in resistance of the potential windings and lag 
plate. 

Class 1 errors may be neutralized by a single compen- 
sation, consisting of a device whereby a small portion 
of the flux is shunted through a special alloy—(ther- 
malloy)—the permeability of which is very sensitive to 
temperature. 

Induction watthour meters compensated with ther- 
malloy magnetic shunts, even without any further 
modifications, are practically independent of tempera- 
ture changes over very wide ranges providing the power 
factorisreasonably high. Bysuitablemodifications, the 
compensation may be made independen tof powerfactor. 

The application of compensated magnets to meters 
on a production basis gives a reasonable degree of 
uniformity in results, and very rarely will errors as high 
as 0.013 per cent per deg. cent. rise be encountered. 

This method of compensation has the distinct ad- 
vantage of being independent of any necessary adjust- 
ment of the meter, and is extremely simple and positive 
in its action. 

By preparing certain copper-nickel-iron alloys in the 
form of castings suitably heat treated, a linear relation- 
ship is obtained between permeability and temperature. 
By controlling the copper content the point of trans- 
formation of these alloys may be made to occur at 
almost any desired temperature below that of pure nickel. 

The hysteresis loss of thermalloy is extremely low; 
hence the heating and cooling curves in a constant field 
are practically identical, although there is a small time 
lag before the metal reaches equilibrium at any one 
temperature. 

It is believed that some of the characteristics of these 
alloys, such as perfectly reversible straight line perme- 
ability-temperature relationship, combined with neg- 
ligible hysteresis, have escaped previous notice and that 
they are an important contribution to engineering 
materials. 

It is probable that the linear temperature- 
permeability relationship of thermalloy is due to the 
non-homogeneous manner in which the copper is held in 
solution, which gives the effect of the summation of a 
large number of alloys, each having a different trans- 
formation point. 


In addition to temperature compensation, thermalloy 
may be used for a variety of purposes one of which is a 
direct reading low temperature thermometer as de- 
scribed in the appendix. 
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Synopsis.—During the year 1919, the Chairman of the Marine 
Committee of the Institute appointed a sub-committee with a view 
to compiling and recording data relative to the development and 
growth of electricity on shipboard. The instructions to the sub- 
committee included the preparation of a report, or historical review, 
which was to form the basis for a continuing record of such matters 
in the files of the Institute. 

After a careful investigation of the situation, the historical sub- 
committee found itself confronted with a task of no small proportions 
and one which would require, with the limited time available for 
such research work, probably several years to complete. An outline 
was prepared, however, of the ground which it was intended to 
cover and a preliminary report, submitted with the Marine Com- 
mittee’sreport at the annual convention at White Sulphur Springs in 
1920 and appears in the Institute's Transactions for that year. 

Continuing with the work for several years, the Historical Com- 
mittee in April, 1923, submitted its report to the Marine Committee 
of the work and investigations which had been then made to date. 
This report of April 27, 1923 with its ‘‘Foreward”’ is given complete 
as rendered with such minor changes and corrections as shown by 
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OR the past four years during the existence of this 
sub-committee, investigation of this subject and 
collection of data has been carried on with varying 

results and against many discouragements. It has 
seemed particularly difficult to obtain information of this 
nature from the many sources and individuals from 
whom it has been sought. 

Furthermore, the subject has seemed to expand with 
the work as it was carried on, until it has become a 
serious problem to determine what information, from 
the mass of data available, should be recorded, and what 
discarded as being of insufficient value to include in the 
review. In other words, to what extent should thescope 
and detail of the work be carried on in order to cover 
items of historical value without making the review of 
such volume as to injure its usefulness. After careful 
consideration, it was decided to make brief mention 
with dates, of many of the historical items which have 
come to the authors’ attention, while with others, 
believed to be of considerable interest, more space and 
attention has been given. 

It was also deemed desirable to divide the review in 
the order of development into several sections as 
follows, to assist in its preparation, its usefulness and 
future revision: 

I. General growth and development in 

marine field. 


the 


1. Both of the Cutler-Hammer Mfg. Co., New York No Ye 
To be presented at the Spring Convention of the A. I. EH. E. 
St. Louis, April 13-17, 1926. 
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further investigations to be necessary. To this original report a 
brief section on “Electric Ship Propulsion” has been recently 
added. To complete this report to date, the sections on ‘Electrical 
Auxiliaries” and the appended list of references, are still to be 
added, although considerable work has already been done in con- 
nection therewith. 

Although it is regretted that the report is not complete in all 
details, the Marine Committee has felt that owing to the rapidly 
increasing interest in shipboard electrical installations that the time 
ts opportune for the presentation of this information as at present 
compiled and with a view to completing the report at as early a date 
as practical. 

While we appreciate that this paper, owing to its volume, will be 
read in the abstract only by those casually interested, to those who are 
interested in the subject, we trust the information will prove of 
considerable value. As information of this character has its greatest 
value as a historical record, we trust the Institute may be able to take 
steps to preserve the same in a substantial and conveniently accessible 
form in its files. 

oe * * * * 


II. Lighting, wires and cables. 


III. Interior Communication. 
IV. Electrical Auxiliaries. 

V. Electrical propulsion. 

VI. Appended list of references. 


These sections are, in some cases, divided into further 
sub-divisions, particularly in case of electrical aux- 
iliaries, where the development of some of the more 
important is treated at some length. Throughout the 
subject matter, references are frequently made to 
sources of information and the appended list of refer- 
ences is given for the assistance of those who in the 
future, wish to pursue the study of this subject. 

While the investigation and review, owing to the 
extent of the task and the limited time available for the 
work, has not been as complete and thorough as we 
would have liked, it is hoped that the information given 
will prove of interest and value to those interested in 
subject, and form the basis for further information and 
data, by additions and revisions as time goes on. 

Acknowledgment is hereby made, for particular 
assistance in the line of information and references to 
Lieut. Commander A. M. Charlton, U.S. Navy, 
Lieut) Ae GsOQunn, Ussa Navy, Mires Garchelton 
the Bureau of Engineering, Navy Department, Mr. 
Maxwell W. Day of the General Electric Company, 
Mr. G. A. Pierce of the Wm. Cramp & Sons Ship and 
Engine Building Company, Mr. I. H. Osborne of 
Federal Shipbuilding Corporation, Mr. A. E. Waller of the 
Ward Leonard Company, and to also express thanks to 
Mr. William Hetherington, Jr., Member of the Sub- 
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committee for his assistance in the preparation of the 
Review. 
H. L. HIBBARD 
Chairman, Historical Subcommittee 


GENERAL GROWTH AND DEVELOPMENT OF 
ELECTRICITY IN THE MARINE FIELD 


_ Although electricity has been used, both on merchant 

and naval vessels for more than forty years, its progress 
and development, particularly in the merchant marine, 
has been very slow as measured by land standards. 
Several very early lighting installations were made on 
merchant vessels, and this method of illumination later 
came into quite general use, but little further develop- 
ment occured in this country in the merchant marine 
until about the beginning of the World War in 1914. 


Even in the American Navy, by far the greatest user 
of electricity on shipboard,—although a few early 
lighting installations were effected after the first one 
installed on the U.S. S. Trenton and several mis- 
cellaneous experimental installations on auxiliaries were 
made—no great progress was noted until the complete 
electrical plants installed in 1898 to 1900 on the 
Battleships Kearsage and Kentucky. 


Of the earliest electrical lighting plants on merchant 
vessels, we find very full mention made in a booklet 
entitled ‘Uses of Electricity on Shipboard” by J. W. 
Kellog, consisting of a series of articles reprinted from 
Marine Engineering apparently about 1904 or 1905 
and from these certain extracts are quoted below. 


“The first electric plant that was ever put into 
operation in the hands of strangers was on the steam- 
ship Columbia, and was installed under directions from 
Mr. Edison. In a report dated February 24th, 1882, 
Mr. J. C. Henderson, who was at that time Advising 
Engineer of the Oregon Railway and Navigation 
Company, states that in the summer of 1879, while 
the Columbia was under construction, he wired the ship 
for electric lights; the plant was started on the 2nd of 
May, 1880. There were 110 lamps installed, and No. 
11 wire was used for mains and No. 32 wire for the loops, 
insulated by double-paraffined cotton, and painted 
over all. The report states that the wires were run 
throughout the entire vessel, but lights were only 
placed in the passengers’ rooms and the main saloon. 
The engineer of the vessel stated that 115 lamps were 
operated over four hundred hours without one lamp 
giving out. Two years after the plant was started it 
was reported that from the time of starting until that 
day the plant had operated to the entire satisfaction of 
the company under all circumstances. 

“From 1880 to 1882 there was very little done in 
steamship work, but early in the latter year, the 
Edison Company installed a plant on the Queen of the 
Pacific constructed at Wm. Cramp & Sons Ship and 
Engine Building Company 1882, and on Mr. James 
Gordon Bennett’s steam yacht Namouna. The former 
plant was installed as the result of the success of the one 
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on the Columbia. The next we hear is of electric light 
being used on the Russian Steamers plying the river 
Volga in the summer of 1882. There is a description of 
the Queen of the Pacific in one of the early bulletins of 
the Edison Company, showing 146 lamps to have been 
installed. The circuits were so run that any individual 
lamp could be controlled. Switches were placed under 
the direction of the steward, one switch controlling all 
lamps forward of the engine room, another, saloon, 
dome and’ shaft alley. The lamps were arranged to 
screw into a socket in the ceiling of each state room, and 
the wires were led in such a way as to be concealed. 
The last of July 1882, it was reported that the plant on 
the yacht Namouna operated without accident on a 
voyage across the Atlantic. 

“During this summer, plants were also installed on 
the Long Island Sound Norwich Line Steamer City of 
Worcester, and on the steamer Carolina, of the Baltimore 
Bay Line. Later in the fall a plant was ordered for the 
steamer Virginia of the latter line and for the Albatross 
of the United States Fish Commission. Of 22,000 
lights installed up to October 1882, 2000 of them had 
been placed on steamships. 

“In December 1882, an order was given for a plant of 
120 lights for the steamer Kate Adams, running on the 
Mississippi River. About the same time, the English 
Edison Company received an order for plants for two 
ocean steamships for the Ocean Steamship Company of 
New Zealand. The first one, the Tarawera, was thrown 
open to the public in December 1882. This was the 
first English vessel on which the Edison system had 
been applied. There were 150 lamps with an L type of 
machine, driven by three-cylinder Brotherhood engine. 
The captain stated that the electric plant on this vessel 
worked well throughout the voyage from Greenock, 
Scotland, to Melbourne, Australia. 

“Karly in 1883, a plant was ordered for the steamer 
Carolina of the Oceanic Steamship Company of San 
Francisco, running between San Francisco and the 
Sandwich Islands. In a report of the collision between 
this steamer and the Riverdale, the captain of the 
Carolian said (January 1883): ‘We had a most satis- 
factory demonstration of the working of the Edison 
electric lights, which were only extinguished in the 
damaged part of the boat, thus removing all cause of 
fire, which would have been certain had any other 
method of lighting been employed’. 


“The description of the plant on the steamer Pilgrim, 
of the Fall River Line, in April, 1883, shows that there 
were 910 lamps installed, the current for operating 
being generated by one L and two K dynamos, driven 
by two Armington & Simms engines belted direct to the 
dynamos. Steam was furnished from a special boiler at 
80 Ibs. pressure. Connections were also made with the 
ship’s donkey and main boiler, to be used in cases of 
emergency. The dynamos were arranged to be used 
together or separately, and regulated by an Edison 
regulator. Current was taken from the dynamo room 


March 1925 


to the main deck through Edison tubes; these ran 
vertically on the forward side and. there divided to 
each side of the boat. Each branch ran aft to the 
center of the boat and from that point, vertically to the 
ceiling of the galley deck. It was the intention to 
provide a system that would prevent the lamps being 
extinguished by an accident, each section being independ- 
ent of the other. 

“In June, 1883, the London Edison Company in- 
stalled a plant on the steamship Oregon, which was 
building at Glasgow for service between Liverpool and 
New York, and on the steamer Rio Pardo, for the 
Brazilian coasting trade. In the bulletin of May 
31st, 1883, the Edison Company reported twenty-four 
plants on steamships, aggregating 4850 lights. 

“In part, a report of the chief engineer of the Albatross 


is as follows: ‘There are 139 eight-c. p. lamps placed in 


multiple and so distributed throughout the vessel as to 
illuminate every place where light is desired. There are 
four circuits, viz: a double circuit on each side of the 
ship for the forward lamps; and double circuit on each 
side of the ship for the after lamps; a single independent 
circuit for the outside lamps, with switch in the engine 
room; and an independent circuit for the engine room. 
T emain arenot only double circuits, ut each consist 
of two No. 10 wires. Thea vantage of this system of 
wiring is manifest, as, in the event of breaking a wire 
from collision or other cause, the remaining wires will 
be ample to carry the current. The mains, however, 
are brought together and soldered where they are 
attached to the binding posts of the dynamo. 

“The wires are insulated with cotton cloth and white 
lead and when passing through damp places they are 
further protected by rubber tubing. On each main 
wire and near the dynamo, as well as near each group of 
lamps, is a cut-out plug which contains a short piece of 
fusible wire. The main office of this plug is two fold: 
it may be used as a switch to cut that wire out of the 
circuit at pleasure, also to prevent the heating of the 
wires beyond the fusing point of the metal (400 deg.) 
thus rendering the sytem harmless as to fire. 

“In this same report, Chief Engineer Baird made 
very elaborate tests to determine the cost of operating 
and gives a comparison of the cost of the electric light 
with gas on the basis of price charge by the Washington 
company. He figured that the cost of gas would be 
a little over three times what the Edison incandescent 
lamp was costing on that ship. He omitted the cost of 


labor, as no additional men were required for running . 


the dynamo and engine. He figured out the electric 
licht as costing $0.0135 per candle power per hour. 

“In the first installations simply a paraffin-covered 
copper wire was used for carrying the current; now 
there is first a layer of pure para rubber; then vul- 
canized rubber with a large quantity of the best gerade 
of rubber in the compound; then braid, and either a 
lead or steel tube for the outer covering. When the 


- character of the work at that time is compared with 
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that of the present day, one cannot help being impressed 
with the durability of electrical plants. If, with such 
means as they had at their command in the early days, 
successful installation could be made, how much greater 
should be the results obtained at this time! Any well 
designed installation today should last as long as the 
hull of the ship. The liability to damage from fire is a 
minimum; there is freedom from dirty, ill-smelling 
lamps which render ventilation difficult, and there is 
practically no heat. Electric fixtures are easily adapted 
to ornamental designs and the lamps can be arranged 
to give the best lighting effect; and for power purposes, 
a matter of no small account is the freedom from leaky 
steam pipes through cargo spaces.” 

Charles Cory & Sons Company also claims to have 
effected one of the very first complete installations on 
merchant vessels, this being on the Santa Rosa about. 
1882. 


EARLY NAVAL HISTORY 


The first incandescent electric lighting plant in use in 
the navy was installed on the U. S. S. Trenton in the 
New York Navy Yard in 1883 and in the August (1921) 
number of the Journal of the American Society of Naval 
Engineers, an article, by Lieut.-Commander Charlton 
descriptive of the plant and results obtained therefrom, 
forms very interesting reading. The contract for this 
installation was awarded to the Edison Electric Lighting 
Company at a cost of $5500.00 and called for the 
dynamo and engine, complete, to supply 238 lights of 
10, 16 and 32 candle power. All the necessary con- 
ductors, switches and appliances were to be of the most 
approved pattern as used by the Edison Co. and the 
fixtures for the lights were to be furnished by the 
Navy Department. The dynamo was of the Edison 
type L shunt-wound bipolar with a terminal voltage of 
110 and a capacity of 120 amperes. 

The engine was a horizontal Armington & Simms, 
single cylinder, 914 x 12 in. stroke, and made about 
270 rev. per min. From its flywheel extended a 81% in. 
belt to a 14 in. pulley on the armature shaft, which was 
driven at about 900 rev. per min. 

The wiring system of the Trenton was run in pine 
moulding and, for the various mains, consisted of a 
single strand, tinned and covered with rubber insulation. 
For the branch leads, it was mostly untinned and 
covered with cotton insulation and paint. Although 
more trouble was experienced from defective wiring 
than from any other part of the plant, the results in 
general were sufficiently satisfactory to have proven 
the entire practicability of lighting naval vessels by 
electricity, and the plant in the Trenton continued in 
successful operation until she was lost in March 1899. 

We also learn from an article by Lieut. Harry 
George, U. S. N. on Electricity in the Navy, presented 
May 26th, 1902, before the Asl EES that 

“The lighting of the Trenton proved a success and was 
in operation for a full three years’ cruise, confirming the 
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opinion that no modern vessel is complete without a 
plant for lighting by electricity.”’ 

“The proved efficiency of the T'renton installation, 
and the valuable experience gained in that vessel, led to 
the application of elecricity for lighting other vessels. 
The ships authorized by Act of Congress in August 1882, 
namely the Dolphin, Atlanta, Boston and Chicago were 
so equipped and since then an electrical plant has been 
looked upon as an essential feature of all vessels of war, 
the scope having been extended to include both lighting 
and the electric drive of numerous auxiliaries hitherto 
controlled by steam or hydraulic power.” 

“The early ships were provided with one generator 
hence, in case of breakdown, it was necessary to have 
recourse to oil lamps.”’ 

“The specifications of the next vessel authorized by 
Act of Congress in 1885 and 1886, called for two com- 
plete plants each an exact duplicate of the other. This 
was not dec ded upon without some opposition. It was 
proposed originally to install two generators, one of 
large capacity to supply the night load and a smaller 
one to furnish current for lamps required during the day. 
This idea was finally abandoned because of the possible 
over-powering of the smaller dynamo by the larger one 
unless carefully watched, the decreased relative econ- 
omy of the smaller generator, and the diminished 
number of spare parts necessary in a duplicate 
installation.” 

All the earlier lighting installations were, like the 
Trenton, provided with Edison bipolar generators, 
belt-driven to an Armington & Simms or other recipro- 
cating type engine. 

Voltmeters were not used until after the early 80’s 
and field regulation was not indulged in until about the 
same time, all of the early installations simply having 
the pilot light on the generator for gaging voltage and 
candle power of the lamps. 

Two other Naval lighting installations which followed 
soon after the Trenton and the others mentioned, were 
the U. S. S. Charleston whose plant and contract trials 
are described in Volume 1, 1889 of the Journal of The 
American Society of Naval Engineers, and the Newark 
the electric plant of which is described in Volume 3, 
1891 of the same Journal. 

While the earliest electric lighting plants have been 
described above as marking the first step towards 
modern installations in the Navy, electricity was used 
to some limited extent as far back as Civil war times. 
Lieut. Commander Charlton, in an article entitled 
“Electricity in the Old Navy” in the November issue 
1920 of the Journal of the American Society of Naval 
Engineers, describes, in considerable detail, the ap- 
paratus and experimental equipment which was used in 
torpedo and gun firing, and the first efforts in are 
lighting and searchlights on the U. S. S. Nina. 

A most interesting and comprehensive article by 
Lieut. B. A. Fiske, entitled “Electricity in Naval Life” 
appeared in Volume 22, No. 2, 1896 of the Proceedings 
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of the U. S. Naval Institute, Annapolis, Md. This 
article, of more than 100 pages, by the now retired 
Rear Admiral Fiske, takes up, in a most interesting 
manner, practically every phase of the installation of 
electricity as it then existed in the Navy, including 
many hopes and predictions for future development. 
It may be noted with interest statements in this 
article, that about ten years before, the writer had de- 
livered a lecture before the Franklin Institute, when 
there were present a commodore and captain of the 
Navy; in a conversation after the lecture, these high 
Naval officers attempted to point out the impossibility 
of using the electric light on board ship, by reason of the 
impracticability of getting sufficient space for the 
dynamo. At the same time, the author points out that 
at the time of his article the electric light is now a 
sine qua non in modern warships. The author further 
mentions that a very important enemy of electrical 
appliances on shipboard has been the fatal facility with 
which bad electrical apparatuscan beinstalled. Never- 
theless he asserts that it is a fact that uses of electricity 
in the Navy are increasing, including the use of 
electric motors, for the training of turrets, the hoisting 
of ammunition, etc., and especially for ventilating. 

In view of the present state of the art on naval 
vessels, it is interesting to note the anticipations of 
Lieut. Fiske when he said ‘‘ Let us hope that we shall 
soon see a civilized modern ship in which there shall be 
a fine large dynamo room like those in the great New 
York hotels, where power will be generated for lighting 
the ship, making the signals, hoisting the ammunition, 
turning the turrets, hoisting the boats, ringing the 
bells, weighing the anchor, sounding the alarms, 
steering the ship, firing the guns, etc., ete. And why 
should we not have a neat electric galley, such as are 
frequent in New York, where the meals of all may be 
perpared in cleanliness and quiet with only a fraction 
of the fuss and confusion now attending the getting of 
food and coal and heating of water.’’ In view of 
recent developments, particularly in radio, the final 
remarks of Lieut. Fiske are especially noteworthy when 
he said, with regard to ‘‘signaling at sea,” ‘‘The elec- 
trician and the inventor recoil in despair before the 
difficulties which thisproblem presents. Yet theremust 
be a way to signal across the water. The question is 
‘where is the way?’ If we can talk with ease from New 
York to Chicago, if we can telegraph under all the 
oceans and send news to and from all quarters of the 
world, why—why can we not signal half a mile over the 
water from ship to ship.” 


Continuing with the general and later developments 
in the Navy, it is noted that a few power installations, 
mostly of an experimental nature, were effeeted,— 
such as the ammunition hoists on the Cruiser New 
York and the Battleships Massachusetts, Indiana and 
Oregon, turret turning equipments on the Cruiser 
Brooklyn and certain minor auxiliaries such as small 
ammunition hoists on the gunboats Wilmington and 
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Helena. The extensive use of electrical apparatus for 
hghting and power purposes as we have already men- 
tioned, was not made however until the Battleships 
Kearsage and Kentucky were constructed in 1898 and 
1900, these vessels having seven 50-kw. engine-driven, 
80-volt generating sets, which were operated in series 
on the three-wire system to give 80 volts for lighting 
and two voltages, 80 voltsand 160 voltsfor power motors. 
Thelarger portion of the auxiliaries on these battleships, 
including the winches, boat cranes, ventilating fans, 
broadside ammunition hoists and auxiliaries were 


electrically operated. The anchor windlass and steering . 


gear, however, were steam driven. 

Lieut. George’s article also points out that the ad- 
vances of electricity for naval purposes may be shown 
by a comparison between the electrical plant of the 
Indiana,—one of our best battleships completed and 
commissioned in 1895,—and that of the Kearsage, 
commissioned in 1900. The displacement of the 
Indiana is 10,200 tons and she is equipped with 24-kw. 
80-volts generators for supplying current to 500 in- 
candescent lamps, four 60-centimeter searchlights, two 
two-h. p. ventilating motors for dynamos, four 14-h. p. 
portable ventilating sets with winches and ammunition 
hoists covering about 36-h. p.ora total of 67-kw., about 
seven watts per ton of displacement. 

The Kearsage, with a displacement of 11,595 tons, 
was provided with seven-50-kw. generators of 80 volts, 
as we have already stated, and her total power and 
lighting requirements were 655,240 watts or approxi- 
mately 57 watts per ton displacement. 

For a complete description of the electric plants on 
the battleships Kearsage and Kentucky, we would refer 
those interested to a paper read by Naval Constr. 
J. J. Woodward, U.S. N. before the Society of Naval 
Architects and Marine Engineers, November 1899 and 
for the results of the tests of the electrical equipments 
on these vessels, to a paper read by the same officer 
before the same Society, November 1900. 

After the Kearsage and Kentucky, some succeeding 
battleships retained the original plans for the use of 
steam drive for many of their auxiliaries, and the 
Kearsage and Kentucky are the only vessels in the Navy 
using the three-wire control. While after the Kearsage 
and Kentucky there was some consequent lack of 
progress in the electrical equipment of capitol ships, 
the use of electricity soon progressed rapidly, until now 
practically all auxiliaries on capitol ships are provided 
with electric drive and recent ships are equipped with 
electrical propulsion. Further and more eloborate 
details of these developments are referred to under the 
sections for auxiliary and electric propulsion. 

SomE DEVELOPMENTS IN FOREIGN NAVIES 

Marine Engineering of June 19th, 1896 has an article 
by Herr A. Dietrich, on German war vessels, which 
states: ‘All new German warships under construction 
have electricity as motive power, not only for ventila- 
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ting fans but also for turning gears of 15-mm. guns, 
turret ammunition hoists, boat hoists, coaling winches 
and such gear. Only one vessel in the German Navy, 
the nearly finished Aegir is experimentally fitted 
throughout with electrical apparatus, even for steering 
gear and windlasses. The result of this experimental 
installation will decide if, in the future, electricity can 


_be used more extensively for motor power on board ship 


and if the heat sources ean be dispensed with.” 

From Lieut. George’s article, the following informa- 
tion as to practice current at the time in the German, 
Russian and French Navies, is taken: 

German. Furst Bismarck—Battleship 10,650 tons 
displacement, with an electric generating plant of 
325 kw. output supplying current to 900 incandescent 
lamps, 44 motors for ventilation, a drying room, 
ammunition hoist, gun-training gear, coaling winches, 
refrigerating plant and searchlights. 

Kaiser Frederich III.—Armored cruiser 11,130 tons 
displacement. Five generators with output of 324 kw. 
supplying power as follows: Incandescent lighting 
38,260 watts, searchlights, 55,500 watts, ventilation 
28,340 watts, ammunition hoists, 17,440 watts, gun- 
training gears 8880 watts, coaling winches 7400 watts, 
refrigerating plant 4500 watts. 

Russia. Retvizan—Battleship, built at Cramps ship- 
yard, Philadelphia, Pa. (1900-1901) Electric installation 
three 1382-kw., four 66-kw., and one 60-kw. generators 
with a maximum. output of 588 kw. These generators 
supply current to 1167 incandescent lamps, six 30-in. 
projectors and the following auxiliaries: 

4—turret-turning motors 
4—elevating motors 
4—rammer motors 
4—turret ammunition hoists 
12—60 in. blowers for forced draft system 
18—motors for hull ventilation 
6—pump motors 
2—boat crane motors 
1—capstan motor 
8—ash-hoist motors 
1—steering motor : 
30—ammunition hoist motors for battery 
2—submerged torpedo motors 
1—workshop motor 
1—torpedo lathe motor 
1—bread-mixing motor 
1—laundry motor 
Also a number of portable fans, helm indicators and 
other electrical signaling devices. 

France. Jena—Battleship—displacement 12,052 
tons, two generators of 98.4-kw. capacity, and two of 
49.2 kw. capacity, total output 295.6 kw. 

“Heretofore the dynamos have been located in the 
main portion of the vessel, the dynamo rooms forming 
sub-divisions of one general compartment between 
transverse watertight bulkheads. The rapid develop- 
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ment of the electric drive and its application to am- 
munition hoist and gun operation has made the question 
of dynamo rooms and their location one of the most 
important in ship design. 


LATER DEVELOPMENTS IN THE MERCHANT MARINE 


Returning to the development of electricity on mer- 
chant vessels, we find, as already stated, comparatively 
little progress made after the early lighting installations 
on the Columbia and the aforementioned other vessels, 
until practically the beginning of the World War, 
when a decided impetus seemed to be felt in the use of 
electricity on a broader scale, due apparently to the 
increasing adoption of Diesel engines for propulsion with 
electrical auxiliaries as a necessary sequence. In the 
meantime, we have a record of some lighting and 
power installations of relative importance which may 
be of interest: 

In 1897 and 1898 La Grande Duchesse was constructed 
at Newport News Shipyard for the Plant Line and we 
are told that in the April, 1897 issue of Marine Engineer- 
ng in a manner that is quite amusing today that 
“Blectricity now is such a necessity aboard ship that 
every steam vessel designed has at least a lighting 
plant. As complete an installation as can be found on 
a merchant vessel is that with which the new Plant 
Liner La Grande Duchesse is equipped. In this steam- 
ship electricity is used for seven distinct and separate 
purposes. The plant is located in a separate com- 
partment, aft of the engine room between the thrust 
bearings, and consists of two 20-kw. 110-volt machines.” 
The vessel was evidently equipped with about 700 
incandescent lights and a 12 in. projector, and a few 
motors for ventilation and other minor purposes. 


The August 1897 number of Marine Engineering and 
also the Journal of American society of Naval En- 
gineers, describe what was apparently one of the first 
important power installations on merchant vessels 
consisting of 16 electric cranes installed on the Steamer 
Bremen. ‘These cranes had rotating motors of 7h. p. at 
700 rev. per min., hoisting 25h. p. at 900 rev. per min. 
worm gear drive being used. The controllers were of 
double type two feet high and equipped with magnetic 
blowouts. 

Mr. William Henry Allen, in a paper read before the 
Institute of Electric Engineers and recorded in Volume 
3, 1891, Journal of The American Society of Naval 
Engineers, says: “Ship’s lighting dynamos are greatly 
improved of late, series-wound armature machine 
having been found to work satisfactorily’’—the author 
recommends 60 volts for merchant ships as being 
suited for both glow lamps and projectors. He also 
expresses it as having been his experience that dynamos 
can be readily made with cooling surfaces and rate of 
development of heat so proportioned that neither the 
armature nor field magnet will rise more than 50 deg. 
cent. beyond the temperature of the surrounding air 
after running for six or seven hours. 
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In a folder issued about 1922 by the General Electric 
Co. on Motor and Controller Equipment on Merchant 
Vessels, the following statement appears: 

“One of the first installations aboard a merchant 
ship was made on the SS Prinz Henrich of the Nord- 
deutscher Lloyds, now the SS Porto, managed by 
Portuguese interests, where six electric cargo winches 
were installed in 1894. 

In the Scientific American Supplement of November 
Ath, 1899, appears a paper delivered by Alexander 
Siemens in Dover, England. This interesting article 
reviews the development of generators, wiring and 
auxiliary drives to date, and advocates further use of 
electricity on shipboard. Reference is also here made 
apparently for the first time, to the use of stalling 
resistances for winches. 

Although, as we have already stated, small electric 
lighting plants on merchant vessels had come into 
general use, and, in a few instances, electricity had 
been used for power applications, comparatively little 
progress had been made as late as 1914. This was 
probably due in a large measure, to the conservatism of 
the Marine Engineer and sea-faring man in the adoption 
of new and untried apparatus. About this time, 
however, the advent of the fuel-oil engine-driven ship 
marked a great stepping stone to the adoption of 
electrical power, particularly for auxiliary purposes. 
In November 1917 the author presented a paper 
Application of Electricity to Various Auviliaries on 
Shipboard before the Society of Naval Architects and 
Marine Engineers in New York, in which the develop- 
ment of electricity in the marine field was reviewed up 
to that time and the prediction was made that the time 
was rapidly approaching, if not already here, when the 
results obtained would justify the construction generally 
of vessels electrically equipped in all or many of their 
power applications. 

One of the very first noticeable instances of this kind 
was the vessel Christian X. constructed by Burmeister 
& Wain Co., Copenhagen and its first voyage to this 
country in about 1912 created marked attention. 
Since that time, it is understood that a large number of 
vessels of this type have been constructed and pro- 
jected by that company. (A total of 152 to beginning 
19255) 

In 1916 or 1917 a number of merchant vessels were 
built in this country including tankers and cargo vessels 
employing electrical auxiliaries, among these being 
the Tanker La Brea with electrically operated pumps, 
and the Tanker Solitaire, (completed in 1920 by the 
Texas Co.,) with oil engine driveand electrical auxiliaries 
throughout including electric heating. A number 
of tank vessels were constructed in 1917-1918 by the 
Pennsylvania Shipbuilding Company, Gloucester, N. J. 
These were vessels of 7500 d. w. t. and were equipped 
with geared steam turbines and electric auxilaries 
operated by a-c. motors. These a-c. equipments for 
various reasons proved disappointing. 


———— 
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During the War, the U.S. Shipping Board Emergency 
Fleet Corp. planned the construction of 50-100 oil 
engine driven cargo vessels with electrical auxiliaries. 
A number of the Diesel engines-were contracted for and 
specifications and requisitions prepared for the purchase 
of the electrical equipment. The close of the War, 
however, coming soon after, prevented the carrying 
out of these plans. A few years later, in 1921, the 
Shipping Board reconditioned the cargo vessel William 
Penn and equipped it with oil engines by the Wm. 


_ Cramp & Sons Ship and Engine Building Company of 


the Burmeister & Wain make, and with electrical 
auxilaries. The vessel has since made one or more 
trips around the world, and has reported excellent 
results from her equipment. 

Very shortly after the construction of the William 
Penn, two electrically equipped motor ships, the 
Californian and Missourian were constructed for the 
American Hawaiian Steamship Company by the 
Merchants Shipbuilding Company with engine installed 
by the Cramps Company and have been in service 
about a year. 

The cargo ore carrying boat Cubore with a Diesel 
engine drive and electrical auxiliaries was constructed 
by the Bethlehem Shipbuilding Corporation in 1920, 
and in 1921 three oil tankers similarly equipped were 
constructed on the Pacific Coast for the Standard Oil 
Company of California, these being the Charlie Watson, 
Hillman and Harper. 

During this time, rapid strides also were being made 
by the European countries, in the adoption of the use of 
electricity on their merchant vessels particularly of the 
motor ship type, and England as well as Scandinavian 
countries was and is continuing to construct many 
vessels of this type. 

One of the first notable English motor ships which 
visited New York on its maiden voyage in the Fall of 
1920 was the La Paz constructed by Harland & Wolf of 
Glasgow, which company has since constructed addi- 
tional motorships to a considerable number. 

At the present time there are under construction in 
this country a considerable number of vessels employing 
either electrical propulsion, electrical auxiliaries, or 
both and among these some of the more important ones 
may be mentioned as follows: 

Four War Department Hopper Dredges are under 
construction at the Sun Shipbuilding Company, 
Chester, Pa., provided with Diesel electric propulsion and 
electrical auxiliaries. These boatshave two 1000-b.h. p. 
Diesel engines direct connected to two 700 kw. 150 
rev. per min. 500-volt generators for propulsion pur- 
poses. Also a similar equipment for operating the 
main suction pump. There are two 225-b. h. p. 
Diesel engines operating two 150-kw. 275-rev. per min. 
250-volt generators for auxiliary purposes, and one 
150-kw. 580-250-volt motor generator set. In addition 
to the switchboard equipment, these vessels are pro- 
vided with with a large number of electrically driven 
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auxiliaries, including pumps, deck machinery, etc.* 

The Tanker Standard Service is being built for the 
Standard Oil Company of California at the Union 
plant of the Bethlehem Shipbuilding Corporation 
with Diesel electric drive consisting of two 400-b. h. p. 
engines, direct connected to two 245-kw. propulsion 
generators operating two 300-h. p. 130-rev. per min. 
propulsion motors. * 

Ferry boats Golden Gate and Golden West are under 
construction at Robertson’s Shipyard at Almeda, Cal. 
for the Golden Gate Ferry Co. of San Francisco. These 
vessels are to be Diesel electrically driven. 

The City of New York is constructing at the Staten 
Island Shipbuilding Company, three ferry boats, steam 
turbine, electrically driven with several electrical 
auxiliaries, including steering gear, etc.* 

Ferry boat Poughkeepsie was recently put in service 
across the Hudson with Diesel electric drive and some 
electrical auxiliaries, and reports on the electric appara- 
tus appear to be very satisfactory.* 

The Wm. Cramps & Sons Company is reconditioning 
a steam vessel, Seekonk, with direct Diesel drive and 
electrical auxiliaries.* 

The New York Shipbuilding Company is recondition- 
ing two steam vessels, the Ashbee and the Jacksonville 
with direct Diesel drive and electrical auxiliaries.* 

The Submarine Boat Corporation at its Newark Bay 
Yard is constructing a 5000 ton vessel with direct 
Diesel drive and electrical auxiliaries. * 

The Federal Shipbuilding Corporation at Kearney, 
N. J., is constructing for the Pittsburgh Steamship Com- 
pany, two vessels for operation on the Great Lakes, 
which are to be direct Diesel driven and have a very full 
complement of electrical auxiliaries, including pumps, 
steering gear, anchor windlass, cargo cranes and 
mooring winches.* 


LIGHTING, WIRES AND CARLES 


The development of electric lighting in the U. 8. 
Navy dates from the year 1883 when the U. S. S. 
Trenton’s installation was made; in fact this vessel was 
the first man-of-war in the world to be so illuminated. 

Generating Sets. From Lieut. George we learn that 
‘“‘belted sets were installed on several vessels up to the 
latter part of the eighties when direct connected sets 
first made their appearance. The early direct-connected 
sets had horizontal engines and by ingenious design were 
fairly compact and not excessive in weight. 

“In 1889, horizontal engines were abandoned in 
favor of the vertical type. The first vertical engines 
were two-cylinder, non-condensing, designed for an 
initial steam pressure of 80 pounds, with cranks at 90 
deg., but the pounding that resulted made necessary a 
spacing of 180 deg. between cranks in subsequent 


design. 


*Norz: At the present time (Jan. 1925) all of the above vessels 
under construction have been completed and have been in 
service from one to two years with very satisfactory results. 
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“The dynamos connected to these engines were 
four-pole machines with field coils on vertical and 
horizontal axes, bringing the lower field coil in a position 
where it was subject to oil and water, and much trouble 
was experienced with this coil in this arrangement of 
poles. 

“Tandem compound engines have been used exten- 
sively and were first installed on the U. S. S. Chicago. 

“Tn the proposed 16,000-ton battleships recently 
authorized by Congress, it is proposed to install the 
apparatus in two separate compartments, the dynamo 
rooms to be entirely independent of each other electric- 
ally, and to be situated in opposite ends of the vessel. 
Each dynamo room is to be supplied with tour 100-kw. 
sets which will supply the output necessary to handle 
the battle load, lighting load and all auxiliaries. All 
forward circuits will be supplied by a distribution 
board located near the forward dynamo room but 
separate from it; all after circuits from the after dis- 
tribution board to be similarly situated. By suitable 
transfer switches, both the distributing boards may 
be electrically connected and the entire load thrown 
into either dynamo room at will. This will increase 
the military efficiency of the installation, as in case of 
accident rendering either dynamo room uninhabitable, 
the battle load could be thrown on the remaining 
room.” 

The engines for generating sets in the Navy passed 
through the various development stages of single 
cylinder, vertical and horizontal, tandem and cross- 
compound, until the time of the U.S. S. New Hampshire 
built at the New York Shipbuilding Company’s plant, 
on which two 200-kw. turbo-generators were installed. 
These were installed as a change, as the original 
contract required reciprocating engine sets, all of 
100 kw. A somewhat similar change was soon followed 
on the U. S. S. South Carolina and Michigan where 
four 200-kw. turbo sets were installed in each vessel 
in place of reciprocating equipments. 

For the next battleships, namely the Delaware and 
North Dakota four-300-kw., 125-volt generating sets 
were installed. The use of this size and number of sets 
was continued for a period of about six years, covering 
the installations in eleven battleships. 

The Arizona was the first battleship in which different 
voltages for light and power were installed. This 
vessel was equipped with two 240-volt turbo-generators 
for power systems and two 120-240-volt generators with 
120-volt balancers for light and power system. 
| With the introduction of electric drive for main 
propulsion use was made of the regular ship’s generators 
as exciters and consequently the capacity of the sets 
was increased to six 300-kw. tucbo-generating sets, and 
at the present time six 750-kw. turbo sets are contem- 
plated for airplane carriers. 


Ships’ Voltage. In the earliest naval installations of 
electric lighting systems 110 volts potential was used. 
In 1888, however, a Naval Board was appointed to 
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decide on a single standard voltage, and 80 volts was 
selected. In 1901 the Navy Department deemed it 
advisable to consider changing the standard voltage, 
and as a result of considerable investigation and 
deliberation, 125 volts was then fixed as a standard. 

Further experience on shipboard indicated the de- 
sirability of considering a change from this voltage of 
125 to a higher potential, and beginning with. the 
U. S. S. Arizona all capital ships were provided with 
two voltages as mentioned above, one of 120 volts for 
lighting and 230 volts for power applications. A very 
complete treatise on the reasons for the change in the 
Navy standard voltage from 80 to 125 is included in an 
article by Lieut. W. V. N. Powelson, U.S. N., presented 
at a meeting of the A. I. E. E., in New York on May 
28th, 1902. 

In Mr. Kellogg’s article we are told that the original 
voltage used on merchant ships was in the neighbor- 
hood of 50 and that the Navy used at one time 65 which 
was later changed to 80. This information seems some- 
what conflicting, however, as the T'renton’s equipment 
was 110 volts as was apparently those on the vessels 
immediately succeeding. 

In the merchant service after the early installations 
the use of simple generating sets for lighting was gen- 
erally adopted. These equipments, in most cases, 
consisted of small standard lighting sets that were 
manufactured for the purpose by various builders, and 
in the majority of cases single cylinder, single acting, 
direct-connected to a 110-volt generating set, and in the 
majority of merchant vessels, particularly of the cargo 
type, such an equipment for lighting constituted 
practically all the electrical apparatus installed. 

As we have previously pointed out, the growth and 
adoption of electricity became more rapid just before the 
World War and various ships were constructed utilizing 
electricity much more extensively, particularly in the 
case of the motor ships. 

As an example of two quite extensive installations 
which were made about that time, we would cite the 
vessels Northern Pacific and Great Northern, constructed 
by the Cramps Company for the Great Northern S. S. 
Co. in 1914 and 1915. These vessels had four 35-kw., 
110-volt generating sets operated by 3200-rev. per min. 
steam turbines using 200-lb. pressure. 

In addition to a very complete lighting system in- 
cluding 1700 Mazda lamps and two 18-in. search lights, 
power applications were supplied for ventilating and 
exhaust fans, cargo elevators, galley and pantry motors, 
refrigerating machines, etc. 

The wiring was on the two-wire system and the 
material used represented the latest marine construction 
including the use of the basket-weave, galvanized-iron, 
cable which was secured directly to the structure of the 
vessel, eliminating the customary conduits and mold- 
ings. This was probably one of the first instances of 
the use of this wireon merchant vessels in this country. 


Wires and Cables. The U. S. S. Trenton was the 
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first_ vessel of the Navy to have electric cables installed 
for illumination purposes which work was done by the 
Edison Company of New York City during the con- 
struction of this vessel at Navy Yard, New York. 

_ The history of the development of the electric cable 
in the U. S. Navy is an interesting one and we are 
indebted to Lieut. Allen G. Quynn, U. S. N. for the 
following description: 

“The lighting system on the Trenton was divided 
into the following circuits, spar deck, gun deck, berth 
deck, orlop deck, ward room and Admiral’s quarters, 
fire and engine rooms and hold. The wiring for these 
main circuits was of No. 12 or No. 14 single conductor 
cable about 6530 or 4107 circular mills. The cable was 
led about the ship in pine moldings, the molding 
containing two grooves for the wires and painted over 
for watertightness. In the branch circuits, a smaller 
cable of about 1624 circular mills was used and run in a 
smaller molding similar to that described above. Much 
trouble was experienced in this installation with salt 
water getting behind the molding and rotting the 
insulation.” 

“The cable used was rather primitive; for the mains, 
it consisted of a single strand of copper wire tinned and 
covered witha rubber insulation. The branch wire was 
generally untinned, covered with cotton insulation and 
painted. A small number of the branch leads, however, 
were tinned and insulated with what proved to be a 
very inferior quality of rubber. The mains were 
fitted with cutout boxes, each one supplying three or 
four lamps. 

“Tn addition to the main lighting, portable deck 
lanterns and engine room portables formed a part of the 
Trenton’s installation, twin-conductor cable was used 
for these lights, two fine flexible wires being surrounded 
by gutta-percha covered with jute braiding. 

“In 1887 the Trenton was re-wired, particular atten- 
tion being paid to the installation of the circuits and 
subsequently gave much better satisfaction. From the 
time of the first installation just described until 1887 
there was but little development in the kind of cable 
used on Naval vessels, or in the method of running the 
cable. Trouble was still experienced from corrosion of 
insulation due to salt water. This often transformed 
the copper wire to a semi-conductor which became 
excessively heated and created danger of fire when 
surrounded by combustible material.” 

Wiring on the earliest vessels of the U.S. Navy was 
installed in wood moldings, the same as for the U.S. S. 
Trenton above described. Branches were, in most 
cases, spliced and the first junction branch boxes were 
~ used about 1885-1886. Fuses were used about the same 
time, usually an ordinary single fuse placed in the 
branch circuit on a small insulation base which was 
inserted in the molding. 

Up to 1887 the U. S. S. Omaha, New Hampshire, 
Dolphin, Atlanta and Boston had been wired for electric 
lighting. The U. S. S. Atlanta was the first vessel in 
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which an attempt was made to introduce watertight 
Junction boxes. 


To Lieut. Quynn’s description, we are also indebted 
for the following: 

“The first recorded departure from the use of 
moldings for running cable aboard a naval ship was in 
1898. At this time conduit was introduced and the 
specifications then in effect called for running cable in 
either conduit, flexible conduit or molding. Conduit 
was to be of seamless drawn iron or steel tubing of 
commercial iron pipe sizes and to have a continuous 
lining tube of approved insulating material. Conduit . 
for magazines was to be made of seamless brass tubing 
with a lining of hard rubber. Flexible conduit was for 
use in locations subject to mechanical stress, asinside of 
steel masts or when flexibility was desired. The 
specifications merely called for flexible conduit of 
approved design and went no further into detail. 

“Molding had by no means been replaced at this time, 
but modified somewhat, and was used in accordance 
with the following specifications: Molding will be in 
two pieces, that part containing the gutters for the 
wire and known as the molding proper, the other part as 
a flat piece called the backing strip. It will be made of 
well seasoned wood and when run over hard wood 
surfaces, it will be of same material as the surface.” 
‘“‘Conduit came into more general use shortly after this 
being employed in all parts of the watertight system, 
that is, below deck and when necessary to run leads 
through watertight decks and bulkheads. Molding 
was still used in all cases where wires were led over 
woodwork. When running conduits through water-. 
tight decks, or bulkheads, standard stuffing tubes were 
used; in going through non-watertight decks and 
bulkheads, bushings of hard rubber were employed.” 

In the case of merchant ships, the St. Paul and St. 
Louis, built in 1895 by Wm. Cramp & Sons Ship and 
Engine Building Company, conduit was used throughout 
machinery spaces, on the sun deck and open decks for 
lighting and power. 

Quite a complete description of wiring as used in the 
Navy from the earliest times to about 1902 is included 
by Lieut. H. George, U. S. N. in‘his article Electricity 
in the Navy, presented before the A. I. E. E., May 
26th, 1902. 

From Lieut. Quynn’s article we further learn that 
from 1902 until the present time, there had been no 
radical changes in the methods of making up standard 
conductors, but the insulating and protective covering 
used have been modified considerably. The numbers of 
the strands used in making up stranded cable has been 
changed to supply the flexibility and conductivity 
desired for various kinds of cable. 

The use of conduit and in a few special cases of 
molding, remained in effect until 1916. In that year 
these methods of running cable were superseded to a 
ereat extent by introduction of armored cable. 

The first U. S. Naval installations employing armored 
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cable were made on the U. S. S. Oklahoma and Nevada. 
The cable used on these ships is of three types, 1. plain 
(external covering of plain cotton braid), 2. armored 
(external covering of galvanized steel armor), 3. 
leaded and armored (lead-sheath over-tape conductor 
and this covered with a galvanized steel armor). 
Plain conductors are used in turret center columns 
where protection is not necessary and in connections 
with portable fixtures. Armored conductors are used 
for leads to semi-portable fixtures, as boom and anchor 
lights. Leaded and armored conductors are used in 
permanent leads throughout the ship. All conductors 
are installed directly against decks and bulkheads by 
approved hangars, the metal surfaces under them 
having been previously red leaded and painted. Where 
conductors pass the watertight bulkheads, stuffing tubes 
are used; but when passing through beams and non- 
watertight bulkhead, a clearance hole is drilled and the 
edges rounded off. Conductors, after installation, are 
treated with a coat of shellac and painted to match the 
surroundings. When conductors are led up to decks 
where they are liable to mechanical injury, a protection 
conduit extending 18 in. above the deck is used, with a 
terminal tube at the top and suitable bushing at the 
bottom. In wiring installations aboard the latest 
naval vessels, cables of the three types described above 
are used for all purposes. . Conduit and molding is now 
found only on the older vessels and is being replaced by 
armored cable wherever re-wiring becomes necessary. 
This type of cable was developed in Europe and was 
introduced into the United States with the building of 
the Argentine battleships Rivadavia and Moreno. 
' For further data relating to this type cable, refer to 
paper by H. A. Hornor at San Francisco, Sept. 16, 
eo Boone Le Heke: 


In connection with the earliest installations we have 
the following data from Wm. Cramp & Sons Ship and 
Engine Building Company regarding electric plant 
installed by them up to 1895. 


Name. Type. Year 
S. S. Queen of the Pacific 1 Engine, 2 Belted Generator, Edison 
System. 1882 
Mariposa—Steamer 1 Generating Set, belted. 1883 
Alameda — 1 * re ¢ 1883 
Atalanta —Yacht 1 1883 
Olivetle —Steamer 1 No. 3 dynamo, 75 light, 16 CP 
belted. 1 No. 10 dynamo, 250 
’ light, 16-c.p. belted. (Edison). 1887 
Philadelphia—U.S. Cruiser 3 Hor Generating Sets 1890 
Caracas —Steamer 1 Generating Set, belted. 1890 
Venezuela —- “ 1 ce ty 3 1889 
H.M. Whitney « 1 1889 
Algonguin — “ il 1889 
U.S. Cruiser New York 1—200 ampere) 
+ Direct Connected 1890 
2—400 ampere | 
Columbia 2—400 1893 
U.S. S. Indiana 3—24 Kw. 1893 
U.S. S. Massachusetts 3—24 “ 1893 
U. 8S. Cruiser Minneapclis 3—24 Generating Sets 1894. 
Columbia—Y acht 1—Generating Set, Direct-connected. 1893 
U.S. S. Brooklyn 1—Double 
(Cruiser) 3—Single 1896 
U. S. S. Iowa 4—24-kw. generating sets 1896 
St. Louis—Steamer 5—sets 1895 
St. Paul 5—sets 


1895 
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INTERIOR COMMUNICATION 


While the first naval vessel in the U. S. Navy to be 
equipped with interior communication systems was the 
U. S. S. Trenton, in 1883, there is every reason to be- 
lieve that electric bells were installed in naval vessels at 
least ten years prior to this time. Most of the appli- 
ances used were furnished by the Western Electric 
Company and Chas. Cory & Sons of New York City, 
who were pioneers in the development of marine elec- 
trical interior communication systems. 

The first systems of interior communication devices 
to be installed in marine service were undoubtedly 
voice tubes and mouthpieces followed by mechanical. 
telegraphs, gongs, gong-pulls and bells. The firm of 
Chas. Cory & Sons began the manufacture of voice 
tubes in 1845 and in about 1860 the manufacture of 
mechanical interior signaling devices mentioned above 
were undertaken. 

The first telegraph to be patented in this country was 
that patented by Gisborne in 1862. 

We are advised by Chas. Cory & Sons that in 1882 
the manufacture of electrical devices such as water- 
tight bells and buzzers, annunciators, fire alarm 
thermostats, etc., was undertaken by them and the 
first completed electrical installation to be made on a 
merchant ship was made by this firm on the Santa Rosa 
about this time, followed by the installation of similar 
equipment on the U. S. S. Trenton, above described. 

We are also informed that the Western Electric 
Company took an active part in the early development 
and installation of interior communication devices in 
the early 90’s and particularly developed watertight 
vibrating bells, and watertight telephones for the 
U.S. Navy. This company also supplied loud speaking 
telephones and a fire control system extensively used 
by the U.S. Navy. 

Engine Room Signals. One of the first systems of 
interior communication to receive the serious attention 
of marine engineers was the sighaling system between 
the engine rooms and points above deck for signaling 
the desired operation of the propeling machinery. 
In the Proceedings of the American Society of Naval 
Engineers; Vol. 3, chapter II, page 197, is a very in- 
teresting discussion by H. P. Norton U.S. N. dealing 
with this system as follows: 

‘One of the first methods was the system of shaft and 
gears. There was a pedestal on deck or on the bridge, 
fitted with horizontal dials and a pointer moving in a 
horizontal plane. The signals stop, stand-by, and the 
several intervals of speed, ahead and astern were 
engraved on the horizontal dial. In the engine room 
there was a vertical dial fitted with a pointer and the 
same signals were engraved on its face as on the dials on 
deck. In moving the lever at the deck dials until the 
pointer indicates the desire order, the pointer of the 
engine room dial was moved by the shafting and bevel 
gears to the same order and at that same instant a 
gong is struck.” 
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To indicate the point of view of some of the operating 
personnel at this period, regarding the application of 
electricity for use for interior communication signaling 
systems, it is interesting to note the following comment 
by Assistant Engineer W. F. Worthington, U. §. N. 
regarding the above system: 

“T should strongly object to the use of electricity for 
signaling to the engine room or for showing in the chart 
house the state of the engine. The electric light and 
bells on board frequently fail to operate without giving 
any previous warning of their defective condition. 
The electrical apparatus for showing when the double 
bottoms contain water has never worked, although 
many of the compartments had, at times, large quanti- 
ties of water in them. The electrical apparatus for 
signaling when a coal bunker is on fire has never worked 
but once, and on that occasion there was neither fire nor 
even anything conbustible in the bunker. The funda- 
mental difficulty with all such electrical apparatus is 
that it is impossible to tell, by inspection, whether it is 
certain to work or not.”’ 

At about this time it appears there had been de- 
veloped several forms of electrical engine telegraph and, 
under the discussion of the article presented by H. P. 
Norton, U.S. N., the following may be quoted: 

“To obviate objection to lead of wires in mechanical 
forms of telegraph, several forms of electrical engine 
telegraphs have been developed, the most successful 
of which is the electrical reply telegraph invented by 
J. B. Willis and Elliott Bros., London, England. 
While the cost of fitting an electrical telegraph into a 
vessel would be less than for a mechanical one, the 
first cost is much greater. It is also more expensive to 
keep in order and requires much more attention, etc. 
In spite of complications of parts, the committee ordered 
by British Admiralty in 1887, to report on the various 
systems of signaling on board ship, reported very 
favorably on the Willis system and February 1889, 
the system had been found so successful on the Imper- 
ieuse, that is was installed on the Camperdown, Rodney 
and Aurora and was to be installed on the Magnificent, 
Marathon, Galatea, Medusa and probably on the 
yacht destroyer Albert.”’ 

Fire Alarms. Fire alarm systems used in naval 
vessels at first consisted of an annunciator actuated by 
thermostats located in coal bunkers, magazines, 
store rooms, etc. On some of the earliest vessels such 
as U. S. S. Maine (original) and U. S. S. Terror, a 
form of mercurial thermostat developed by The Elec- 
tric Heat Alarm Company of Boston, Mass., was used. 
This form was superseded by helical coil type. 
The thermostat consisted essentially of a helix of metal 
ribbon, the metal having a large expansive coefficient 
and a terminal block with an adjusting screw. This 
form of fire alarm was installed on all vessels of the 
Navy up to the U. S. S. South Carolina class when 
the form of thermostat was changed from the helical 
type to mercurial type which is still in use. The 
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mercurial type consists essentially of a thermometer 
with contacts adjustable to the various temperatures 
at which it is desired to have the thermostat operate 
depending upon their location in the vessel. 

Telephones. About the year 1890, the first marine 
telephones were installed on the U. 8. Cruiser New 
York, (the first New York). They were single direct 
circuits; that is, two telephones used in place of voice 
tubes. The instruments were of the “Bell” type and 
installed by Chas. Cory & Sons of New York City. 
The first loud-speaking marine telephones were designed 
by this firm and installed on the Korea and Siberia and 
the U.S. S. Charleston about 1895. 

The first complete central energy switchboard tele- 
phone systems were installed on the S. S. La Grande 
Duchesse built at Newport News Shipbuilding & Dry 
Dock Co., about 1897 or 1898. 

We are indebted to the Holtzer Cabot Electric Co. of 
Boston, Mass., for the following description of tele- 
phones in the U. S. Navy as prepared by Mr. Vernon 
Durbin which deals largely with the development of 
fire. control telephones. 

“Telephones in the United States Navy have been. 
developed along two distinct lines. One is for general 
intercommunication between the various offices, state- 
rooms and compartments of the ship, commonly called 
“Ship Service System.” The other is to provide 
communication, under battle conditions, between 
various points such as central station and guns tops, 
torpedo rooms, etc., and is commonly called “Fire 
Control Telephone System.” There have been some 
systems installed for other purposes, such as maneuver- 
ing when a ship is being docked, but the same apparatus 
and circuits have been used as for the other systems. 

“The use of telephones tor fire control systems dates 
back to 1905. The Navy Department at that time 
authorized each battleship of the Atlantic Fleet to 
expend a certain amount of money to secure and install 
telephones for fire control purposes. A number of the 
ships secured telephones of the type used by the 
Signal Corps for Coast Artillery fire control work, 
consisting of heavy metal construction, having a trans- 
mitter located on the side of the head over one ear and a 
receiver over the other ear. Others of the ships se- 
cured commercial head receivers and transmitters and 
mounted them on improvised breast plates and con- 
nected them up in groups as best served their purposes. 

“As a result of these preliminary installations, it was 
decided by the Navy to make a permanent installation 
of fire control telephones on board the battleships of the 
fleet. This was in 1906 and just prior to the departure 
of the fleet on its memorable cruise around the world. 

“One of the systems which had been installed the 
previous year by the ship’s crewand which gave satisfac- 
tory results was that of the U/. S.S. Illinois. Itwas the 
work of Elec. Gunner F. P. Adams and Arthur Cobb, 
of Boston, and consisted of a double-head receiver of 
commercial type such as used by operators of telephone 
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switchboards, and a breast transmitter made up of a 
heavy leather breast plate supported on the chest by a 
metal frame work and carrying a commercial trans- 
mitter on a short bracket which was riveted to the 
leather. A single wire was used for each circuit, the 
frame of the ship serving as a common return for all 
circuits. 

“Fach circuit was provided with a separate primary 
battery of about a half dozen cells. Each circuit 
terminated in a jack at a central point, and enabled an 
operator to plug in on any circuit and interconnect if 
necessary. 

“When the Bureau of Steam Engineering, in 1906, 
decided to make a permanent installation of fire control 
telephones, certain modifications to the system of 
Adams and Cobb were decided upon. The circuits 
were made full metallic. A single storage battery for 
all circuits was provided with impedance coils for each 
circuit. The transmitters and receivers of the tele- 
phones were connected in series and as many as fifteen 
telephones were connected in multiple on each circuit. 
Provision was made to cut out the transmitter when 
‘not desired. Motor generators were provided for 

charging the storage batteries. The generators were of 
the “‘Noiseless’” type and provided with load coils, 
choke coils and condensers so that the battery could be 
charged while being used on the telephone circuits 
without introducing noise into the telephones; or the 
battery could be dispensed with and the telephone 
operated direct from the motor generator. 

“The material for the systems was furnished to the 
ships just prior to their departure and was installed by 
the ships crews while the fleet was making the voyage 
around South America to the West Coast. The 
wiring consisted of rubber insulated wire, laid up in 
cables. The conductors were not made up into twisted 
pairs, however, and some cross-talk was experienced 
from this source. 

“The telephones furnished were of two types: One 

was provided with a heavy leather covering with 

cushions around the ears for use at guns and in ex- 
posed locations; the other was for use in the central 
station and other protected locations and consisted of 
commercial head bands and receivers. On both types 
of telephones the transmitter was supported by wire 
framework from the head set, the breast plate being 
dispensed with. This system was the first to be de- 
signed and installed by the Navy Department. It met 
with varying success, some ships getting good results 
and others poor. 

“Various modifications were tried out in the following 
years. One of the systems installed was of the so- 
called “loud speaking type” consisting of a low-resist- 
ance sensitive transmitter and receiver in series for 
each circuit, that is, if it was desired to talk from the 
central station to a number of outlying stations there 
was a separate circuit to each of the outlying stations 
and a separate transmitter for each circuit, a multiple 
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mouthpiece being used so that all the transmitters 
could be talked into at one time. Receivers were large 
and were mounted on the chest with flexible metallic 
tubes and rubber ear cushions carrying the sound to the 
ears. This type of system was soon discarded and the 
original type adhered to, the modifications being in the 
nature of improvement to overcome weaknesses that 
developed in service. 

“One of the first eae ioe consisted of making 
all parts of metal and all parts watertight with stuffing 
tubes for the wires and rubber ear cushions to make the 
sets more comfortable and exclude external noises. 
Each telephone that was equipped with a transmitter 
had it in circuit continuously, which reduced the 
efficiency of the circuit considerably and also introduced 
noise into the circuit. The transmitter efficiency was 
rather low on account of the watertight feature. Later 
modifications consisted of equipping the telephones 
with push-buttons so that only the telephone from 
which talking was taking place had its transmitter in 
circuit. A condenser was also provided to prevent 
direct current from flowing through the receivers, 
which reduced the voltage drop and prevented de- 
polarizing the permanent magnets of the receivers. 

“Tt was also found satisfactory to make sets of alu- 
minum instead of brass, soastoreducetheweight. The 
first sets employed were designated as type F and G. 
There then followed types R, C, CS, and Cn. The 
type of set which was developed just prior to the 
World War, known as the Utah type, consisted of two 
watertight receivers mounted on a head gear made of 
webbing and provided with a steel spring going around 
the back of the head and attached to the receivers by a 
ball and socket joint so arranged that the receivers 
were held against the ears with a certain amount of 
pressure. The transmitter was mountéd on an alu- 
minum breast plate by means of arms which permitted 
the transmitter to be swung upward towards the 
mount or down out of the way. The transmitter was of 
a commercial type except mounted in a heavy aluminum 
case and provided with a large flaring mouthpiece. 
The breast plate also carried a small cast box with a 
gasketed cover which contained terminals, condenser 
and a push-button for cutting the transmitter in and 
out of circuit. 2 

“The telephones were connected to permanent wiring 
of the ship by means of a special jack and plug of 
extremely heavy construction. The opening into the 
jack was at the bottom and, under normal conditions, 
was covered by a cap with a gasket. When the plug 
was inserted into the jack, a clamping ring secured it in 
place. This type of set operated quite satisfactorily 
and there were many thousands of them used during the 
war. ‘They were installed on transports and auxiliary 
craft of various kinds as well as on battleships. 

“The wiring for all of these systems consisted of a 
pair of wires running from the central station to all of 
the telephones which were normally connected to a 
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_ given circuit. Various arrangements of switches were 


provided for grouping these circuits in various ways 
and for transferring telephones from one group con- 
nection to another. 

“There was also developed and used a type of system 
wherein each individual telephone was provided with a 
pair of wires to the central station and a switchboard so 
arranged that any telephone could be connected to any 
one of a number of groups by means of keys and without 
the use of cords and plugs. Direct-current receivers 
were used:—that is, receivers without permanent 
magnets or transmitters, were developed which were 
less sensitive to extraneous noises. These gave better 


- transmission than had previously been obtained. 


Present Systems. Systems of interior communication 
in the U.S. Navy have made very material advances in 
design, efficiency, and operation. Today there are 
probably at least fifty different systems of interior 
communication and signaling. 

To cover the scope of ship control by interior com- 
munication systems, on modern battleships is without 
the province of this review, but for those interested, 
reference can be made to a very complete article by 


_ Lieut.-Commander Alexander M. Charlton, U.S. N., 


entitled “Ship Control on Modern Battleships” ap- 
pearing in March 1922 issue of Marine Engineering 
and Shipping Age.” 


ELECTRIC PROFULSION 


The history of electricity as applied to the propulsion 
of ships may be divided into three distinct periods, 
each period differing with respect to the fund- 
amental method and type of application. 

The first period, consisting of the use of electro- 
magnetic motors which received their current from 
primary batteries, dates back to 1838, when Emperor 
Nicholas of Russia contributed the necessary expenses 
towards the experiments of Prof. M. H. Jacobi, a 
distinguished electrician of that time. 

Later experiments on the same principle were carried 
out by Robert Hunt of England in the early fifties, by 
G. E. Dering in 1856, and in France, by Count De 
Moulins in 1866. 

The results of these early experiments demonstrated 
the possibility of driving boats electrically, but not its 
commercial feasibility by the methods used. 

The second period closely follows the advent of 
dynamo electric machines and _ storage batteries. 
The first known marine application in which the propel- 
ling motor was operated from storage batteries was 
that in the launch named Electricity and built by the 
Electric Power Storage Company of London in the 
year 1882. 

Between the years 1882 and 1896, the development of 
the electric launch had reached its peak. The number 
of installations of this type being so numerous it is 
needless to refer to all.the applications, but in a broad 
way we may say that the system proved entirely 
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successful, when facilities for charging the storage 
batteries were readily available. 

The application of electricity generated on board 
ship for propulsion purposes marks the third and present 
period. 

The first application of electric drive considered in 
this new sense was a Diesel electric-driven boat built in 
1904. How far we have advanced in the art of Diesel 
electric drive may be gleaned from the fact that this 
first boat had direct connected exciters, the Ward 
Leonard system of control, electric auxiliaries through- 
out, including the steering gear and deck auxiliaries and 
bridge control. 

This boat was named the Vandal and was built in 
Nishni Novgorod for Nobel Bros. of St. Petersburg, 
Russia, for the transportation of oil between Rebinsk on 
the Volga and St. Petersburg, a distance of 700 miles. 

This boat was 245 ft. long, 32 ft. beam and had a 
loaded displacement of 1100 tons. Her machinery - 
consisted of three Diesel engines of the vertical, three 
cylinder, single acting, four cycle type of approximately 
120 horse power each and were built by the Diesel 
Motor Company of Stockholm, Sweden. 

The complete electrical equipment was furnished by 
the Allmanna Svenska Elektriska Aktiebolaget of 
Westeras, Sweden. (The General Electric Company 
of Sweden.) 

A second vessel named the Sarmat, having a displace- 
ment of 1150 tons, was built for this same company in 
1905 having two Diesel engines directly connected to 
generators and having anaggregate horse power output 
of 360. This vessel was fitted with a magnetic clutch 
between the motor and generator allowing the equip- 
ment to be operated on a direct connected basis for 
straight ahead running. 

These two vessels and a small pleasure boat named 
the Venoga, which was put in service on Lake Geneva 
in 1905, mark the beginning of the development of 
“Blectric Drive’ as the term is now generally 
understood. 

The first electric drive installation, using the turbine 
as a prime mover, was in the S. S. Graeme Stewart, a 
fire boat owned by the City of Chicago. This boat 
was followed in the same year by a sister ship the 
Joseph Medill. 

These vessels were built by the Manitowac Dry 
Dock Company of Manitowac, Wisconsin, and entered 
service in 1908. The propulsion machinery of each 
boat consists of two two-stage, 660-horse power, 
1500-rev. per min., Curtis turbines, each direct con- 
nected to a 250-volt d-c. generator, which supplies 
current to two 500-s.h.p., 200-rev. per min., twin- 
screw propulsion motors. The centrifugal pumps, 
which supply water to the nozzles, are mounted on 
extensions of the generator bases. Pilot house control 
is used. 

The first application of alternating current for ship 
propulsion was made in a small way in a vessel named 
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the Electric Arc. The prime mover in this case being a 
four-cylinder Crossley gas engine of 45 b.h.p. This 
original and successful application, which was made by 
the late Mr. Henry A. Mavor, led him to experiment 
on a larger scale and the result was that, in 1912, the 
Tynemount was put on trial for service on the Great 
Lakes, due apparently to no fault of the electrical 
apparatus, direct drive was substituted before the 
vessel went into service. 

The prime mover consisted of two six-cylinder, 
250-b. h. p. Diesel oil engines, each coupled to a three- 
phase a-c. generator rated at 500 volts. Special 
features included in this installation consisted of the 
generators being wound for different frequencies and 
the induction motor having two independent stator 
windings, one of 30 poles and the other 40. 

In this study of the progress of electric drive up to the 
year 1913, we have little more than a list of small, and 
more or less experimental, installations catalogued in 
chronological order. 

It may, therefore, be well to pause at this point and 
retrospect the entire field and see if the historical 
background furnishes us with the necessary scientific 
facts established by experiment to form even the 
slightest foundation for that which is to follow. 

Two experiments had been made with alternating 
current; one in which the prime mover was a gas en- 
gine, and the other, a Diesel engine. 

Two successful installations had been made with 
turbines as the prime movers, using d-c. propelling 
machinery. 

After these installations had been effected, the situa- 
tion changes and turbines are used as the prime movers 
with alternating current and on a scale and in powers 
not indicated by the early state of the art. 

In the year 1918, the turbine-electric-driven collier, 
the U. S. S. Jupiter was launched, a vessel of 20,000- 
ton displacement and 5400s. h. p. The wonderful and 
pronounced success of this vessel was the real reason 
for the adoption of electric drive in the capital ships 
of the U.S. Navy. 

The engineering field is a most suitable one for the 
application of a well founded and proved science in a 
new field. It seems most probable, therefore, that the 
real historical background of. these later installations 
lies not in the direction of the former marine applica- 
tions, but in the natural application of principles 
involved and proved in central station practice on 
land modified to suit shipboard conditions. 

The father of this new application and the man who 
strongly advocated its adoption against all opponents 
was Mr. W. L. R. Emmet, of the General Electric 
Company, and particular credit should be given him 
for his pioneer work in this field. 

The years following 1913 are rich in examples of new 
applications, and the field has broadened until it 
embraces practically all types of vessels. 


The United States Navy ranks first in the sponsoring 
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of electric drive on a large scale, and has aided greatly 
in the pioneer work and development. 

The first battleship installation was on the U.S. S. 
New Mezxico, placed in service in 1920. The equipment 
on this vessel consists of two main turbine generating 
sets and four propelling motors. The U. S. S. Ten- 
nesse was placed in service in the same year and in 
1921 the Battleships California and Maryland, in 1922 
the West. Virginia and in 1923 the Colorado. All 
of the above vessels are rated 28,000 s. h. p., and have 
propelling motors of the induction type. 

Two airplane carriers rated at 180,000 s. h. p. each, 
are now in course of construction. The equipment for 
each of these vessels consists of four turbine generators 
and eight propelling motors, two motors being placed 
on each propeller shaft. 

The propelling motors on the above vessels have the 
pole-changing feature and the battleships may be 
operated with one or two generators; the airplane 
carriers with from one to four, according to the speed 
and power required. 

The Imperial Japanese Navy also made a start 
similar to the U.S. Navy by trying their first experiment 
onafuelship. H.J. J. M.S. Kamoi, a vessel of 20,000 
tons loaded displacement, was placed in service in 
1922. The equipment consists of one main turbine 
generating set and two propelling motors of the syn- 
chronous type; also an auxiliary turbine generating 
set capable of driving the ship at reduced speed. The 
power rating of this vessel is 8000 s. h. p. 

The advancement of electric drive has been equally 
as rapid in the merchant marine although much more 
diversified in character. 

For clarity, the types of vessels will be classified 
under two broad divisions, ‘‘Merchant Vessels’ and 
“Special Types’ and the specific type of installation 
under the two headings ‘‘ Turbine Electric Drive’ and 
‘Diesel Electric Drive.”’ 

Merchant Vessels—Turbine Electric. Among the 
foremost of this type of vessel may be mentioned the 
S. S. Helipse, placed in service in 1920,—a cargo vessel 
of 15,900 tons displacement,—and the sister ships, 
Invincible, Archer, Independence and Victorious. The 
propelling equipment of these vessels consists of one 
turbine generator and an induction-type propelling 
motor rated at 3000s. h. p. 

TheS.S.Cuba,acombined passenger and cargo vessel, 
was placed in service in 1920 and the S. S. San Benito 
in 1921. These two vessels are equipped with propel- 
lng motors of the synchronous type, rated at 
3000s. h. p. 

Merchant Vessels—Diesel Electric. The Diesel elec- 
tric form of drive has been applied to two combined 
passenger and cargo vessels, the M. S. La Playa and 
M. S. La Marea. The equipment on each vessel 
consists of four Diesel-engine-driven generating sets 
which may be operated in series for the driving of the 
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propelling motor and in any number to suit the load 
conditions. 

Special Types—Turbine Electric. Ferry Boats: Dur- 
ing the years 1923 and 1924 the following boats were 
placed in service: S. S. Hayward, S. S. San Leandro 
S. S. W. R. Hearst, S. S. Rodman Wanamaker aie 
S.S. Geo. W. Loft. 

Coast Guard Cutters: The U.S. 9. Lamp. Ue SS! 
Haida, U.S. S. Mojave and U. S. S. Modoc, placed in 
service in 1921, are equipped with turbine electric 
drive and synchronous type of propelling jotors. 

Great Lakes Ore Carrier, self unloading type: Ma- 
chinery is now under construction for the above type of 
vessel and will be placed in service this year. The 
propelling equipment is turbine electric drive with 
induction type of propelling motor. 


Special Types—Diesel Electric. Tankers: During 
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the year 1923 the M. S. Standard Service and M. S. 
Alaska Standard went into service and in 1924 the 
M.S. Anahance and J.H. Senior, all Diesel electric drive. 

Ferry Boats: During the year 1922 the ferry boats 
M.S. Golden West and Poughkeepsie and in 1923 the 
M.S. Golden Gate were placed in service. 

Tow Boats: Diesel electric drive has also been 
applied to tow boats and during 1924 four vessels of 
this type were placed in service the P. R. R. No. 16 and 
the Van Dyke No. 1, 2 and 3. 

Other types: Diesel electric drive has also found 
ready application in other types of which may be 
mentioned the Army dredges, A. Mackenzie, W. L. 
Marshall, Dan C. Klingman and Wm. T. Russel, the 
canal boats, Twin Cities and Twin Ports, the fishing 
trawler Mariner, the stern wheel tow boat J. B. Battle 
and also numerous yachts of from 90-to 550-h. p. rating. 


Discussion at Annual Convention 


PAPERS ON AUTOMATIC STATIONS 
(Bany!, Wauiav’, Butcuer®, Wratrt, Wrensutey®, Prace®) 
! Curcago, Lnu., Junb 25, 1924 

R. H. Earle: In the development of the hydraulic division 
of automatie control systems for hydro electric units, it has 
been the experience of the writer that the major problem is to 
obtain the desired action of the turbine gates during the periods 
of starting and stopping the machine. In response to electrical 
signals the turbine gates must be opened or closed and the gate 
opening must be controlled in such a manner as to prevent 
violent speed changes and to prevent unnecessary shocks to the 
machine itself, the water conduits, and the power system. As 
stated by Mr. Wensley this action is secured by modifying the 
usual governor system, by using motor-operated gates, or by 
using a special electrically controlled service motor to move the 
gates, 

The operations of starting and stopping may be accomplished 
with varying degrees of refinement depending upon how much 
disturbance is allowable in the particular installation. In 
general the limiting feature is the amount of disturbance which 
the electrical power system or the penstocks can withstand, as 
the machine is sufficiently rugged to withstand any shocks which 
are likely to occur. It follows therefore, that when a small low- 
head machine is connected into a large power system, a com- 
paratively crude type of control may be used satisfactorily, and 
as the machine becomes larger in comparison with the remainder 
of the power system, or where long penstocks are encountered, 
more precise methods of starting and stopping must be used. 

Besides the main problem of starting and stopping, there is 
the question of holding the turbine gates closed when the machine 
is shut down and a number of protective features which fall in 
the hydraulic section of the control system. 

If a governor is used means should be provided to close the 
gates in case of breakage of the governor belt or failure of power 
for the flyball motor. 

In the governor oil-pressure system a pressure-operated 
switch is arranged to stop the turbine in case the pressure falls 
below a certain value. In some of the more elaborate systems 
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the oil level is automatically maintained at the correct height 
in the pressure tank. Oil pressure is conserved in the pressure 
tank when the machine is shut down by an automatic valve 
in the pipe line between the pressure tank and governor. This 
valve closes automatically when the machine is stopped and 
thus prevents oil leakage. In addition it is desirable that the 
oil pump be motor driven, the motor being controlled by a pres- 
sure regulator in such a manner as to maintain normal oil 
pressure in the pressure tank. 

Except for bearing protection, explained by Mr. Wensley, the 
protective features just mentioned include all which are usually 
necessary. 

It is interesting to observe the growing tendency to apply 
remote and automatic methods to large turbines in stations 
where there are operators in order to centralize the control at 
the switchboard and to obtain increased safety of the machinery. 

One of the most common examples is an automatic stopping 
system which is being included as a safety feature on nearly all 
the large installations. By the opening of a single switch the 
switchboard operator is enabled to close the turbine gates 
quickly, disconnect the generator from the line and apply the 
brakes, all without the assistance of the second or third operator. 
Any number of such switches may be used, located as desired 
throughout the station. 

These features will be recognized as the emergency stopping 
means found in the automatic station. in which case the opening 
of the control circuit is accomplished by the bearing-temperature 
relays or other protective devices. 

This system is being adopted rapidl on the largest machines 
not only because it affords means for stopping the unit in the 
minimum possible time, but because in case the operator be- 
comes confused, he has to do but one thing to stop the machine. 
This system has prevented at least one disastrous accident to a 
large unit in the knowledge of the writer. 

The most common remote-control features used in manually 
controlled stations are the switchboard control of the speed- 
setting and load-setting adjustments of the governor, together 
with an indication at the switchboard of the gate opening at 
which the machine is running. This equipment is designed to 
be used with large units where it is especially desirable to have 
the machine under the direct control of the switchboard operator. 
With this equipment the switchboard operator can start and stod 
the machine with no assistance from the second operator instead 
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of the usual custom of having the second operator start the 
machine and bring it up to speed by hand. 

We have explained these applications to manually controlled 
stations to show how the developments in automatic control are 
not only influencing the smallest water power developments but 
are being adopted on the largest units just as fast as they prove 
to be as dependable as the human operator. 

We would like to bring out the relation between the Types 
C and D control mentioned in Mr. Wensley’s paper, Type C 
being the remote control of the distant station by pilot wire and 
Type D being supervisory control over the telephone circuit. 
The latter is, of course, only a special case of the Type C and is 
the method used by one manufacturer. The general form of the 
pilot wire control includes a few wires between the master and 
automatic stations together with suitable selectors by which 
these wires may be connected into various local circuits at 
the two stations. In this way various functions can be accom- 
plished without having separate pilot wires for each. Different 
manufacturers accomplish these results by various forms of 
selectors. 

As to general hydraulic practise, we received the impression 
from Mr. Wensley’s statements regarding Francis and Nagler 
type runners that the efficiency of the runner alone should govern 
the choice between the two and that the Nagler type should be 
adopted with some caution. 

We wish to point out that it is not the runner efficiency but 
the over-all plant efficiency which determines the choice be- 
tween the two types of runners. At the very lowest heads 
especially for very large units, the Francis wheel will not allow 
commercial speeds so that the Nagler type is practically the only 
solution. At a considerably higher range of heads and for 
smaller capacities the Nagler wheel is less suited because the 
gain from speed is insufficient to neutralize the lesser part gate 
efficiency and the Francis type should be used down to the limit 
of prohibitive clogging. Between these extremes is a region 
in which either type is practical. In making the choice here 
the following points should be considered in addition to the 
first cost. 

The efficiencies of the Nagler and Francis runners will usually 
be about the same at the normal load, but the Francis type may 
be better at fractional loads. 

The speed of the Nagler wheel will be higher allowing a more 
efficient generator. 

The Nagler runner will maintain its original efficiency and 
power whereas the passage of trash may clog the smaller passages 
of the Francis runner, reducing the efficiency and power if not 
necessitating a complete shut-down of the machine for cleaning. 

The ability of the Nagler runner to pass large objects without 
clogging allows a wide spacing of the trash racks with a conse- 
quent smaller loss of head through the racks. 

The resultant of all these conditions favors the Nagler type of 
wheel more and more as the head becomes less, particularly if the 
generator is connected into a large power system or in ease there 
are several units in the station so that the turbine ean run 
continuously at the most efficient load. 

Considering motor-driven flyballs, we believe that this type 
is not superseding the older type to the extent that Mr. Wensley 
states: Belt-driven or direct-connected flyballs have certain 
inherent advantages over the motor-driven types as built at 
present in that they register the speed of the machine at all times 
independently of the electrical conditions of the generator. The 
older types are often preferred for this reason. 

The advantage of the motor drive is, of course, that it is very 
flexible in its location, is neat and simple in appearance, and may 
be somewhat cheaper than the belt drive. 

Mr. Wensley suggests a reduction in the WR? required in a 
hydroelectric unit, and states that the purpose of the flywheel 
effect is to stabilize the generator during changes of load while 
the governor is moving the gates. We wish to add that the 


DISCUSSION AT ANNUAL CONVENTION 


Journal A. I. E. E. 


purpose of the WR? is not only to smooth out load changes, but 
even more important to absorb changes in torque. Contrary to 
popular understanding a hydraulic turbine is not a constant- 
torque machine particularly under low heads which includes most 
of the automatic stations. In low-head machines the water 
velocities are high compared with the head and a large part of the 
total head is draft head. As a result the water flows at high 
velocities and low pressure and flow conditions are disturbed. 
The resulting torque on the wheel is not only variable but is 
likely to have sudden pulsations which must be ironed out by 
the flywheel. 

A unit having too small a WR? is not only difficult to govern 
during synchronizing but does not deliver a constant amount of 
power. Even though the latter is not objectionable in itself, 
the varying output causes a continuuus re-adjusting of the gates 
by the governor with consequent wear on the regulating machin- 
ery. Although machines having too small a W R? are rare they 
occur often enough to establish quite definitely what is the 
minimum flywheel effect required. 

As for the necessity of brakes, the writer knows of some 
machines which have been in operation for a period of years 
which do not come to a dead stop but drift very slowly without 
damage to the thrust bearing. The real advantage of brakes 
appears when it is desired to stop quickly in emergency and we 
favor their use in automatic stations when the cost is not 
prohibitive. 

H. A. S. Howarth (by letter): Abundant operating and test 
data show that Kingsbury thrust bearings do not require brakes 
for their protection. Enforced running at very low speed 
actually improves the bearing surfaces. (See TJvransac- 
tions A. S. M. E. 1919, Slow-Speed and Other Tests of 
Kingsbury Thrust Gearings). As a hydroelectric unit slows 
down complete separation of the bearing surfaces is maintained 
almost to the point of stopping. The better the fit of the 


‘surfaces the slower the bearing will rub before metallic contact 


is noticeable. From about one rey. per min. to rest the friction 
coefficient rises markedly and assists in bringing the unit to rest. 
When the unit is kept turning slowly by water leakage, no harm 
will result to the thrust bearings, but a brake will be required 
for stopping the wheel. 

W. H. Millan: In connection with Mr. Bany’s paper, it 
appears that the synchronous motor field is excited from the 
terminals of the generator. This is wrong because we would 
expect the set to stay on the line irrespective of the generator 
voltage. A situation may arise where it is necessary for this 
machine to operate possibly an hour at a voltage in the neighbor- 
hood of twenty-five of fifty and I do not believe that the motor 
would stay on the line as an induction motor (with the field 
open) without locking out on temperature. Also I do not quite 
understand how the set is held on the d-e. bus as a d-e. motor 
when a-c. power has disappeared (waiting for power return) when 
the d-e. reverse-power relay is set to take the machine off at a 
reverse value less than the running-light current of the set. 

In connection with storage-battery trickle charge. we had quite 
a discussion in our sub-committee which brought out the fact 
installing a storage battery in an automatic station and charging 
it continuously at 0.2 or 0.3 ampere did not satisfy conditions. 
Some of us have had experiences with pasted-plate batteries 
where 0.3 ampere applied continuously disintegrated the grids 
and at the end of a year and a half we suddenly found ourselves 
without a battery in an important automatic station. 


Referring to the emergency lockout relay which Mr. Wallau 
mentions in connection with his a-c. reclosing feeder equipment 
which prevents a feeder reclosing if the short circuit has been in 
excess of 900 amperes, I believe this an excellent idea but feel 
that on heavy or important circuits this limit should be increased. 
I have seen circuits burned clear only after three reclosures when 
the behavior of the switch gear indicated a short-circuit current 
many times this limit. 
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J. L. Woodbridge: I think the statement in this paper that 
“the 6-minute rating is the maximum current that can safely 
be taken from the batteries without serious injury to the plates’’ 
may be misleading. A battery may discharge at any rate that 
the cells can give for the length of time they ean give that dis- 
charge, without injury to the battery. I call this point to atten- 
tion because the paper as it now stands might be construed to 
mean that there is some high rate of discharge that is injurious to 
battery plates and this is not true. 

There is, of course, a practical limit to the useful output of the 
battery both from the standpoint of voltage drop and from the 
standpoint of duration and the 6-minute rate of the battery is 
approaching this practical limit. In other words, at higher 
rates than the 6-minute rate, the voltage drop becomes excessive 
and the output of the battery is less useful on that account. 
Furthermore, the time limit is so short at higher rates that in 
many cases it would not cover the duration of the interruption. 
The 6-minute rate is, therefore, usually considered the practical 
limit in determining the size of the battery for a given service, 
although in special cases higher rates have been provided for. 
It should be carefully noted, however, that any limit thus fixed 
has nothing to do with any possible injury to the plates. 

V. E. Thelin: We have developed a simplified type of sub- 
station in Chicago which is fully automatic, being operated in 
response to time. This station, which has been in operation for 
approximately five years, is just completing three years of opera- 
tion without any maintenance or inspection being given and in 


Frc. 1—Avromati¢ Freeper or Raitway SWITCHBOARD 


that time we have had two interruptions. One was due to a 
finger on a relay being bent out of shape and the other due to the 
clock stopping on account of dirt which was cleaned out with 
gasoline and is running satisfactorily to date. ; 

We are using Bullock compound-wound rotaries, which have 
the series field short-circuited and are, therefore, operating as 
shunt-wound rotaries. We have great confidence in the shunt- 
wound rotary due to the fact that on extreme overloads the 
voltage drops, thus transferring the load to surrounding sub- 
ieee using automatic reclosing circuit breakers on the 
feeders, without any resistance whatsoever in series with them, 
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and if a feeder becomes short-circuited, it is cut off and the 
breaker closes again automatically when trouble is cleared. 

The perfect operation of this equipment is due to its simplicity, 
the entire control panel being approximately 20 in. wide and 
70 in. high. A brief description of the operation of this equip- 
ment is as follows: 

Time clock No. 1 in the upper portion of the slide closes the 
master relay No. 2 which in turn closes the half-tap contactor 
No. 3 which connects the rotary to the half-voltage taps on 
the transformer. The converter then starts up to synchronous 
speed with the field excited from the substation bus and the 
rotary, therefore, comes up with correct polarity. In case it 
should come up incorrect, the polarized relay will shut the 
station down, and after a definite time, it will start again, slip 
a pole and thus correct the polarity. Assuming that it comes 


Fria. 2—DIaAGRAM SHOWING SEQUENCE OF STARTING OPERATIONS 


up correctly, the polarized relay No. 4 then operates and closes 
the combination changeover switch No. 5 which opens the half- 
tap contactor No. 3, closes the full-tap contactor No. 6, changes 
the connection to the shunt-field windings from the bus to its 
own self excitation, after which relay No. 7 operates, closing the 
automatic reclosing circuit breaker No. 8 which picks up the 
station load. 

Further details of the operation of this station ean be found 
in the A. I. E. E. Procnrepines for December 1922. 

David K. Blake: The practise of applying small automatic 
substations to d-e. networks approaches a-c. distribution. As 
I see it, there are three factors which have hindered the use of 
alternating current in this territory. The first has been the 
battery, the second the elevator and the third the customer’s 
equipment. The improved reliability of supply to substations 
has eliminated the necessity of the battery, at least it has for 
most companies. A-c. elevator equipment is now available to 
meet most requirements. The remaining factor is the customer’s 
equipment which is by no means a small factor. 

The practise of supplying small automatic a-c. substations 
in the surrounding territory approaches the higher voltage 
distribution with a consequent increase in distribution economy 
and improvement in voltage regulation. Other advantages of 
this practise are that ‘‘all of the eggs are not in one basket” and 
the short-circuit currents on the distribution circuits are con- 
siderably reduced. This reduction in short-circuit currents has 
numerous advantages, such as the reduction in duty on oil 
circuit breakers and other substation equipment as well as the 
duty of the primary cutouts located on the distribution feeders. 
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G. I. Wright: While there has been a very rapid develop- 
ment in the automatic substation field, the methods of overload 
and short-cireuit protection and arrangement of switching 
apparatus are far from standardized and substations made up 
of two 2000-kw. 1500-volt conversion sets, as deseribed by 


Mr. Butcher, are about the largest so far and these are still under — 


construction. When it is realized that a large suburban 1500- 
volt electrification will necessitate substations of 10,000 or 12,000 
kw., which means either four, five, or six units, depending upon 
the size used, it is doubtful if full automatic operation is ad- 
visable. Partial automatic operation for such stations, such as 
the use of automatic feeder reclosing equipments, and push 
button control of starting the machines, is thought to be very 
advantageous. 

The systems of supervisory control which have recently 
been developed, give an excellent means of controlling circuit 
breakers at switching and tie stations from a remote point and 
thus isolating the affected portions of the distribution system in 
case of trouble. 

The author, in general, states that with 60-cycle supply for 
1500-volt service, the motor-generator is superior to the con- 
verter in reliability, maintenance cost, and the amount of in- 
stalled capacity necessary to carry short time overloads. Where 
the machines are protected against injurious flashovers by 
modern high-speed circuit breaker, it is not thought that the 
maintenance of a two-unit synchronous converter should be any 
ereater than that of a three-unit motor-generator set. There is 
considerable difference in opinion as to the amount of installed 
capacity necessary for a given load in this class of service. The 
author states that where the capacity of the substation is 
determined by the short-time or commutating capacity of the 
machines, it is necessary to install 50 per cent more converter 
capacity than if motor generators were used. The substations 
which fall in this classification are those in the outlying sections 
of a suburban system where the maximum loads are those caused 
by simultaneously starting of long trains during the rush-hour 
periods, and which do not occur more than a very few times each 
day. Due to the infrequency of these loads, the ability of the 
stations to shift overloads to adjoining stations and the facet 
that it is considered desirable to install a complete spare unit 
in each station, which could be operated for these short periods 
if necessary, it is not thought that it is necessary to install ap- 
preciably more capacity if converters rather than motor-genera- 
tors are used. 

Even if the maintenance of the converters is decreased by not 
loading them up to their rated capacity, the investments in extra 
capacity to reduce this maintenance would be out of all pro- 
portion to the savings which could be expected. This can be 
appreciated when it is realized that one 2000-kw. unit installed 
complete represents an investment of possibly $80,000. 

In regard to the relative efficiency of conversion of the two 
types of apparatus, all-day efficiencies were carefully calculated 
for a large suburban steam-railroad electrification, using 2000- 
kw. 1500-volt conversion sets, and a difference of 334 per cent 
in efficiency was found in favor of the synchronous converter. 

A. M. Garrett: Mr. Butcher’s paper deals principally with 
future installations, because the first installation of such capacity 
in this country is yet on paper. In comparing the efficiencies 
of the converter and the motor generator, I agree with Mr. 
Wright in his deductions that there is a pronounced difference 
in the amount of efficiency when the study is made in economies 
in regard to 24-hour load. It is gratifying to the operating 
companies whenever a railway company decides to make its 
traction system 1500 volts direct-current as this is in line with 
the operating company’s policy of one frequency in generation. 
It will give greater flexibility to the operating company and there- 
fore better service to the customer. 

The paper shows the manufacturers are apparently alive to the 
design and the problems that will come up with the 1500-volt 
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direct-current service. They are designing machines of a size 
that will apply to steam-road electrification where the substations 
will have capacities of 8000, 12,000, possibly 16,000 kw. They 
are not only providing machines to take care of the higher current 
and voltage, but they are providing the necessary application for 
automatic operation. 

In the case of automatic operation with either a converter or 
motor generator, the necessary protection should be taken to 
prevent certain lockout features from coming into action with 
every abnormal condition. A flashover on a commutator by no 
means indicates the unit is disabled or even requires inspection, 
and precautions should be taken to prevent under such cir- 
cumstances the withdrawal of the machine from service until 
inspected. 

A. C. Grayson: The Public Service Electric Company of 
New Jersey has recently placed in operation three noiseproof 
automatic substations, which are known as the Miller Street, 
Norfolk Street and Race Street Substations. The Miller and 
Norfolk Street Substations are located in Newark, N. J., within 
a mile radius of the center of the city, and the Race Street Sub- 
station is located in Bloomfield, N. J., about 4 miles from 
Newark. 

The Miller Street Substation is probably one of the largest 
combined commercial and railway automatic substations in the 
country. The present capacity consists of two 13,200-volt 
supply feeders, one bank of three 1000-kv-a. one-phase, trans- 
formers: one bank of three 2000 kv-a. one-phase transformers, 
two 1500-kw., 600-volt d-c. synchronous motor-generator sets, 
and three 4150-volt, three-phase feeders. The ultimate capacity 
will consist of five 13,200-volt feeders, two banks of transformers 
having a capacity of 10,000 kv-a. each, two- 1500-kw motor- 
generator sets and twelve 4150-volt, three-phase feeders. The 
entire equipment is fully automatic with the exception of the 
13200-volt supply feeders, which are manually controlled and 
equipped with reverse-power relay protection. 


The transformer banks have automatic control so arranged 
that they are connected or disconnected from the bus depending 
upon the amount of load carried. In addition to this they are 
equipped with the usual protective features such as overload, 
differential and temperature relays. 

The commercial 4150-volt, three-phase feeders are automatic 
d c. controlled, with three reclosures on overload before lock-out. 


Hither of the two motor-generator sets (depending upon which 
one is leading), starts up automatically on low voltage and the 
second machine cuts in when the load exceeds the capacity of the 
first. Shutdown is of course accomplished in the inverse order. 
Starting voltage is supplied from’30 per cent starting taps on the 
power transformers, thus eliminating the use of starting com- 
pensators. 

A double railway bus is provided, one operating at 550 and 
the other at 600 volts, direet-current. By meansof double-throw 
switches the railway feeders may be connected to either of the two 
buses. Usually the local heavy feeders operate at 550 volts and 
the long feeders at 600 volts. The two buses are connected by a 
bus tie breaker which is closed when only one machine is in opera- 
tion, the bus voltage being 550 volts. When the first machine is” 
overloaded the second machine cuts in at 550 volts; the bus tie 
breaker then opens and the second machine builds up its voltage 
to 600. Each railway feeder is protected by a high-speed cir- 
cuit breaker which cuts in a load indicating resistance when the 
breaker opens on short cireuit. There is a spare equipment 
connected to a transfer bus so that it can replace any equipment 
taken out of service for inspection or repairs. 

The substation building is 60 ft. x 100 ft. x 30 ft. high of 
two story construction. It is divided into four separate rooms 
for the high-tension equipment, transformers, commercial equip- 
ment and motor generators. 


On account of the location and the noisy operation of motor- 
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generator sets, soundproof construction was used throughout with 
special soundproofing in the motor-generator room. 

Forced ventilation is supplied to the motor generator by means 
of two 20,000 cu. ft. per min. blowers, one for each unit. Air 
is taken at the top of the rear of the building, and is drawn 
through a series of baffles to the blowers in the basement which 
discharge the air to the pits under each machine. Each blower 
Is started and stopped automatically with its machine. After 
the air leaves the machines it escapes through another series of 
baffles to the outside. The baffles are so arranged as to give 
alternate contraction and expansion of the air without causing 
an appreciable drop in static pressure. 

The walls and ceiling of the motor-generator room are covered 
with a one-half inch thickness of flaxilinum with a one inch air 
space between the flaxilinum and the brick wall. The flaxilinum 
is then covered with plaster to give a finished appearance. Asa 
preacution against transmission of vibrations, the motor- 
generator foundations are completely isolated from the building. 
The foundation block is east separately and rests on what is 
known as “‘anti-vibro” block. The vertical spaces between the 
foundation and the floor are filled with a plastic compound. 
There is only one door leading from the motor-generator room to 
the outside and this is a double refrigerator type. 

With both machines running the noise cannot be detected when 
standing on the outside of the building, and for all practicable 
purposes it is a 100 per cent noise-proof installation. © 

No soundproofing is used in the other rooms of the substation 
except that which is afforded by the solid brick walls. 

The substation has been operating automatic about four 
months and has proved yery satisfactory. 

The Norfolk St. substation is of the same design as Miller 
St. except that the present installed capacity consists of two 
13200-volt feeder equipments, three 2000-kv-a. transformers, 
two 4150-volt three-phase feeders and one 1500-kw. synchronous 
motor-generator set. On account of its location, the architec- 
ture is not quite as elaborate as Miller Street but the same 
methods of soundproofing were used. This substation has been 
operating satisfactorily for about three months. 

The Race Street Substation is a single unit, automatic railway 
substation with one 100-kw. rotary converter. The building is 
of soundproof construction with solid brick walls, but no sound- 
proofing is used on the inside of the walls. This precaution was 
not thought necessary because of its location, and the fact that 
the converter is less noisy than a motor generator. 

No forced ventilation is used, the converter drawing the air 
from the outside of the building and discharging it through the 
roof. 

This substation has also been in satisfactory operation for 
about three months. 

The Public Service Electric Company have now in the process 
of design or construction, fourteen new automatic substations. 
These are divided into three classes: (1) Commercial (4150 
Volt, a-c.); (2) Railway; (3) Combined commercial and 
railway. 

In addition to these, a number of the older substations are 
being changed over from 2400 volts, two-phase, to 4150 volts, 
three-phase and the new three-phase feeders will be made auto- 
matic reclosing even though an operator is required for the 
remaining apparatus in the substation. It is thought that the 
satisfactory operation resulting from automatic reclosing 
feeders justifies the slight increase in expense as compared to the 
manually operated. 

A study is now being made on the use of supervisory control 
and it is very probable that it will be adopted for these sub- 
stations in the near future. 

H. T. Porter: An important advantage of automatic opera- 
tion of hydroelectric plants is the increased amount of kilowatt 
hours obtainable as compared with manually operated plants. 
The average operator knows little and cares less about efficient 
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utilization of water and in the latter type of station he is to a 
large extent in control of the manner in which water is used. In 
the automatic type proper consideration by the engineers of the 
best way to operate the plant first determines the type of control 
to be adopted and secondly the method of operation. Many 
variable factors are eliminated from operation and the plant may 
be so designed as to shut down under unfavorable conditions and 
await more favorable conditions of load, or water, provided of 
course, that some storage, or pondage, is available and the 
station is tied into a fairly large system. This point is brought 
out because it has proved an important factor in several recent 
cases in the decision to install automatic equipment. 

Mr. Wensley’s paper clearly explains the methods of operation, 
but does not state how the turbine gates are held closed. In 
practically all types of automatic control the governor is pro- 
vided with a solenoid-operated oil-eylinder brake which holds 
the turbine gates closed when the unit is not in operation. 
Further, along the line of governor, a good practise is to provide 


_for starting the oil-pressure pump when oil pressure is admitted 


to governor. “Coincident with these occurrences the brake on 
the turbine-gate shaft is released and the turbine swing gates 
partially open allowing the unit to come up to synchronizing 
speed and under governor control. Proper design of the turbine 
gates prevents their swinging fully open, except under governor 
control and upon a heavy demand for load, since they are gener- 
ally designed to balance at from 14 to 34 of full open position. 
This prevents the unit from ever obtaining full runaway speed, 
and also precludes possibility of the gates slamming shut or 
opening violently. The gates can, of course, be designed to 
balance at any predetermined opening. 

The motor-driven governor fly ball has thoroughly demon- 
strated its superiority over the mechanically belt-driven element. 
Its use eliminates belts, pulleys, belt tighteners and attendance, 
and replaces a heretofore source of weakness, especially in the 
automatic plant. 

Where automatic stations are a part of, and subordinate to, a 
comparatively large system and main stations, their generator 
fly-wheel effect may be considerably reduced. In other words, 
if the system is previously provided with sufficient inertia to 
hold the system frequency to satisfactory limits the automatic 
plant need as a minimum require only enough inertia to allow 
of synchronizing and placing the unit on the line. As a rule, 
however, the generator fly-wheel effect should be such as to give 


W? X #.P.M?R. 


a constant of at least 2,500,000 in the formula C BHP 


In instances where a plant is required to do considerable regu- 
lating, this value should be in the neighborhood of 5,000,000 
and in the ease of a plant designed to take care of regulation of 
the major part of a system this value may be as high as 10,000,000. 

Engineers usually specify W R? as computed from the formula 


810,000 x h.p. x T 


Where h. p. is load applied, 7 is 
CREP VM) <a 


W R 


time of governor action, and d is percentage of speed rise. As a 
matter of convenience full-load conditions are generally as- 
sumed. This application should always be made with a view 
towards what will occur when load changes smaller than 14 
load occur, since full and very large load changes are infrequent 
and of little consequence. Under approximately open-water 
conditions the governor should ordinarily be set to operate the 
gates through their full stroke in not less than 114% seconds and 
through a stroke corresponding to about 1/19 load change in 34 
to 1 second. Very large units require longer time of governor 
action to avoid racking the operating mechanism. For practi- 
cal purposes proportional load changes may be assumed to re- 
quire a directly proportional time of governor action. Further, 
A / w-load change should not cause a speed variation of more 
than 2% per cent from normal and a good value is 1/4 per cent. 
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This may be applied to the above formula to determine proper 
W R%. This load change is commercial and the engineer must 
use his judgment and knowledge of the system to determine 
permissible speed or frequency variation. Also it should be 
kept in mind that the above formula is for a water-rheostat load 
and does not take into account the effect of the rest of the elec- 
trical system in steadying the frequency. If closed conduits 
supply water to the unit the governor time element must be such 
as to limit pressure variations to safe values and the W hk? must 
beinereased. Pressure variations in themselves affect regulation 
approximately in direct proportion to the 3/2 power of the 
momentary increase or decrease in effective head. Regulation 
is dependent to a large extent upon local conditions and it is 
almost impossible to set forth any definite methods for deter- 
mination of W R? required which will be applicable to all cases. 

Automatically oil-operated brakes in the speaker’s opinion 
should not usually be required. They introduce an extra item 
of control with attendant complications and cost. Oil is usually 
taken from the governor system for their operation and the 
piping is liable to develop leaks. When the turbine gates are 
closed conditions can be made and should be such that the unit 
will stop. Hand-operated mechanical brakes should be pro- 
vided to stop the wheel if the gates should get clogged and to 
hold the unit when under inspection, ete. When the turbine- 
gate mechanism becomes so worn that the wheel continues to 
rotate, adjustments or repairs as found necessary should be made. 


The lubrication of turbine bearings is more or less difficult 
because water under pressure containing foreign matter is always 
introduced and it is a question of lubricating each bearing indi- 
vidually. The grease cup is practically a thing of the past, since 
it is hard to put grease under sufficient pressure, to lubricate 
properly some bearings without having grease squeeze out 
through the threads. Pressure fittings of various types such as 
the ‘“‘alemite’” have been used with good success. The grease 
compressor may be of the portable type for small plants or the 
stationary type for large plants with a flexible hose connection. 
This lubrication need only be periodic and can be taken care of 
by the visiting attendant. If the grease compressor is portable 
it should have sufficient capacity to grease all of the turbine 
bearings with one filling. The main turbine bearing is always 
of the water-lubricating lignum-vitae type, or oil-lubricated bab- 
bitted type. The latter is gaining some favor for large vertical 
units. Its principal disadvantages are inaccessibility on vertical 
units and possibility of mixture of water and oil. A motor-driven 
oil pump and auxiliary belt-driven oil pump should be supplied 
so that one pump will always be available. Thermostat pro- 
tection is usually provided for this type. With the lignum-vitae 
type an electrical alarm attachment should be provided to indi- 
cate failure of lubricating water supply to bearing. Water- 
supply piping should be suitably lagged to prevent danger of 
water freezing in winter in an unheated automatic plant. 

There are some plants being installed from which governor has 
been omitted and a mechanical hand and electrically operated 
control supplied. The only reason is to effect a saving in first 
cost, and this saving is small if properly designed equipment is 
supplied. Usually a governor is justified since it allows greater 
flexibility of operation and makes the unit more independent of 
the rest of the system in ease of trouble. 

F.R. George: Mr. Wensley issued somewhat of a challenge to 
the operating man. The operating man in California deals with 
the steam plant as a standby, and, therefore, his hydro becomes 
the base load of his system and requires more attention than the 
steam plants. However, the efficiencies in the steam plant, as 
Mr. Wensley stated, are more carefully looked after. The hydro 
plants are not looked after in the same manner, I think perhaps 
because of a lack of satisfactory unit of efficiency comparable to 
so many kilowatts per barrel of oil. 

We have a great deal of difficulty in keeping ahead of the de- 
mand, and, therefore, when it comes to a question of going to‘our 
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boards of directors and asking them for appropriations to put in 
an automatic plant or to revamp an old plant to automatic 
operation, the first question asked us is: “About how many 
kilowatts shall we get out of the plant? Naturally the automatic 
plant lends itself only (I say so advisedly) to small capacities. 
When we have our plans all worked up and find that itis practical 
and perfectly possible to convert an old plant and we reach the 
point where we are asked the amount of kilowatt hours we are 
going to get from that plant, and it is a comparably insignificant 
amount, the Board of Directors say: ‘‘No, we must devote our 
time and money at present to the development of new power in 
order to keep abreast of the demand” and, therefore, the installa- 
tion of the automatic control device is again delayed or 
postponed. 

The California situation at the present time lends itself very 
well to the thought and to the entertainment of the application of 
automatic devices. We are now facing one of the driest seasons 
in our history, meaning that our operating costs are going to be 
quite excessive due to the necessity for reversing our operation 
and placing dependence upon our steam generating equipment 
to offset the shortage in the hydro-power plants due to the 
drought, and therefore any economies which we could effect in 
the operation of our hydro plants would help in a measure to 
offset the unusual high operating costs which will maintain due to 
the drought. ; 

E. E. Woodward: There seems to be a great deal of misunder- 
standing in regard to the synchronous-motor governor drive. 
Our company was probably the pioneer in using it to any extent, 
and we have been using it for about three years, and we have no 
complaints so far. 

While called a synchronous-motor drive, the motor is not 
synchronous at all but is squirrel-cage induction three-or two- 
phasemotor. This motor will start at 25 per cent of full voltage, 
and while it is not synehronous at this voltage it is very nearly 
so at 50 per cent voltage, and at full voltage the lag is so small that 
it cannot easily be detected. 

Mr. Porter brought out the matter of brakes being needed to 
hold the gates closed on an automatic plant. That was one of 
the first things we discovered, and we have a very simple brake on 
the governor which is operated by oil pressure. It is really 
operated by a spring. We have an automatic throttle valve 
which is closed so as to keep the pressure in the tank during 
the period ofrest. By thismeanswe are able to hold the pressure 
for two or three weeks, if necessary, and have enough to start 
with. When the oil pressure is shut off from the governor, the 
spring sets the brake and the gates are locked closed. As soon 
as the oil pressure is thrown into the governor, the brake is 
released. 


In the matter of generator brakes, we don’t undertake to say 
whether they should be used or not, but if they are and if they use 
oil from the governor, we want that oil pressure to be shut off 
after the wheel is stopped, otherwise we might lose much oil 
through the brake cylinders and leakage elsewhere. We are now 
developing a brake valve that will apply the brakes and release 
them after an interval of five, ten or fifteen minutes, as may be 
desired. 


L. F. Harza: I am not fully in accord with Mr. Wensley’s 
belief that automatic operation will result in dividing up an 
available head into several smaller heads for reduction in flowage 
damages and saving in the cost of dams. The saving in cost of 
dams is doubtful when we consider the resulting multiplication 
of cofferdams, control gates and machinery. The storage ob- 
tained usually justifies the higher dam. Likewise the higher dam 
is not crippled in time of flood while the several substitute low 
head projects might cease entirely to operate under flood condi- 
tions. However, this is a question which can be settled only 
for each individual river. 


It is our belief that many of the features developed for the 
automatic plant can well be applied to a manual station of any 
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size, regardless of how well its size may justify the expense of 
operators. We are all familiar with mistakes made by operators 
in emergencies. Cool headed action by a human operator ean be 
least expected when most needed. Protective relays may at 
times fail to function but should be more reliable under emergen- 
cies than human operators. 

We are also of the opinion that self synchronizing either by 
damper windings or synchronous motors and mechanical dif- 
ferential will ultimately replace manual synchronizing even in 
manual stations. It would eliminate the human element in one 
more operation where a mistake might be disastrous. All the 
operator would then need to do would be to close a master switch 
which would start the eyele of operation necessary to put a unit 
into service. 

We have developed several automatic stations, equipped with 
hand brakes only. I regret to advise that the units do not all 
stop rotating when tripped out of service, even though the heads 
are low, in two cases as low as 8.5 ft. No harm has resulted as 
yet from failure to stop but the slow speed of rotation suggests 
the danger of failure of the oil film and injury to the bearing. 
Moreover, if tripped out by the bearing thermostats failure to 
stop rotating would defeat the purpose of these thermostats. 
I shall be inclined for future installations to favor automatic 
brakes. Automatic brakes can be operated from the governor 
tank by air as well if not better than by oil as far as interfering 
with the normal functions of the governor is concerned. Con- 
nection to the governor tank should be closed automatically as 
soon as the unit stops, to prevent continued loss of air or oil. 
Most units when once stopped will not start again after releasing 
the brakes. 


I am not convinced that engineers usually waste money on 
fly-wheel effect. Where an installation is a small part of the 
generating capacity of a system operating in parallel with a 
system of steam turbo-generators, a small fly-wheel effect can be 
used and the mistake of over-weight of rotor may at times be 
made. More often however, the case is that the manufacturer 
has a standard line of patterns which he tries to adapt to vertical 
or horizontal machines, water wheel or engine-driven by the least 
possible adjustments. The manufacturer should have a vertical 
line of machines developed for water-wheel service. 


The writer is convineed by experience with the development of 
several automatic stations that they have a great future. Auto- 
matic means are now available for meeting almost any operating 
condition or emergency with a degree of success and reliability, 
dependent chiefly upon the relays. Different manufacturers, to 
avoid patent infringement, accomplish the same purpose with 
relays often operating upon widely different principles and some- 
times with widely different degrees of success. It behooves the 
purchaser to examine carefully into the relays offered with any 
installation, as to the extent of their previous application and 
success. 

'F. C. Hanker: There are one or two points I would like to 
bring out in connection with the automatic generator station. 
Mr. Harza has mentioned the effect of the method of starting on the 
system operation. If you take the small, low-speed machines, 
the current they will draw when thrown on the line at full voltage 
will not exceed three times the rating of the unit. But when you 
consider the larger, high-speed machines, that current becomes 
more of a factor in the system operation and must be recognized 
in the method of operation or the method of control that is 
selected. 

The experience in manual operation with the starting of large 
synchronous condensers shows conclusively that those pee 
can be started on a system of comparatively small size without 
disturbance by using proper precautions in the starting. But 
when you come to a high-speed large-capacity unit relative to 
the size of the system, then it is necessary to take the starting 
current into account. That is one place where the automatie 
synchronizer is quite important. 
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Another phase of the problem involves manually operated 
stations. In the Northwest, and I presume in other systems, 
there has been trouble experienced following an interruption to 
service in getting the stations back on the line and restoring 
service in a minimum of time. In some eases recent failures 
have shown that the time to restore units to service is about 
fifteen minutes. A good deal of that time is spent by the 
operators in getting the various water wheels and hydraulic 
elements stabilized, so that if they had automatic synchronizers, 
those automatic synchronizers could be applied to the main units 
and the operators could devote their entire time to the opera- 
tion of the hydraulic parts, governors and water wheels, and get 
those stabilized. 

The automatic control equipment of itself has been well 
developed in the synechronous-converter, motor-generator and 
the synchronous-generator application. No equipment is 
perfect, but the experience we have had makes us very hopeful 
that this equipment can be developed to a point where its 
efficiency and reliability will more than equal the hand-operated 
station. 

S. E. Bettes (by letter): Where automatic substations are 
located in building basements a special ventilation system is 
required to insure an adequate supply of clean air to keep the 
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operating temperature below the danger point. This system 
must adopt itself to all the requirements of the automatic station 
operation and as in the case of the station itself change its own 
operation to suit the conditions existing. 

The following outline of operation is used in our automatic 
rotary-converter substations and is proving very satisfactory. 
The accompanying sketch shows the ventilation schematically. 

All air entering the station is drawn through the sidewalk 
erating and through the dampers C. After passing through 
the dry-type air filters which remove the dirt the clean air goes 
through the transformer and high-tension switch room into the 
rotary-converter room. Self-closing fire doors are provided in 
this wall to prevent fire from passing from one room to the other. 

The fans in the rear of the station draw the hot air out of the 
station and force it up the duct to the discharge which is above 
the roof of the building. There are two fans, each capable of 
supplying sufficient air to cool the station. 

The automatic features provided are: 

The fans are automatically started when the rotary is put on 
the line unless the temperature is lower than 70 deg. Fahr. ee 
the air coming from the rotary 1s warmer than 70 doa e 
thermostat 7 ¢ closes the automatic starter and the fan pats 
If the air passing the thermostat T a is above 85 deg. Fa. Z 
all the air goes up the duct to the exhaust. If the air is us 
less than 85 deg. Fahr. the dampers at A and C start to 
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close and the damper B starts to open. This allows part of 
the air to return to the intake end of the station and tempers the 
cold air coming in. A further reduction in temperature of the 
air passing thermostat 7’ a causes A and C to close entirely 
and all the air goes back through the station. 

To provide a source of heat when no machines are operating, 
steam radiators are placed so as to warm parts likely to be 
damaged by cold. The thermostat 7 s turns on the steam if the 
temperature goes below 60 deg. Fahr. 

The failure of the damper control will cause the A and C 
damper to open and the B damper to close so that the ma- 
chines will get the maximum amount of cooling air. 

Any draft action caused by warm air up the exhaust duct after 
the machines are shut down will remove warm air from the 
station until the temperature reaches 85 deg. when the thermo- 
stats will close C and A and prevent further cooling. This 
is important during the winter months. 

Rain coming through the sidewalk grating cannot enter the 
station and is disposed of through the drains. 

H. Bany: In answer to Mr. Millan’s question regarding 
whether the generator is disconnected from the d-c. bus upon 
reverse power, nothing further occurs than the three operations 
mentioned under operating features on the fifth page of the 
paper. The d-ec. line breakers do not open and the set merely 
runs idle from the d-c. end. If any other operations do occur 
they must be caused by some other abnormal condition, such as, 
a-c. undervoltage or a-c. power failure. 

It does pot seem that there is any sacrifice being made by 
having the motor field excited directly from the generator as 
Mr. Millan questions, instead of from the exciter. Since normal 
excitation on the motor gives about 0.8 leading power factor at 
full load, if the load and excitation are both reduced proportion- 
ally, the motor wiil not pull out of step at the lower d-e. bus 
voltages. If the a-c. voltage should be low so that the motor 
does pull out of step, the time delay of 40 seconds mentioned in 
the first paragraph of the second column, sixth page, will shut 
down the set and a restart will not be allowed until the a-e. line 
voltage is again SO per cent of normal or ahove. 

C. A. Butcher: With reference to remarks by Messrs. 
Wright and Garrett, concerning comparative efficiencies of 
converters and motor-generators, the difference in all-day 
efficiency is less in favor of converters, if it is established that 
smaller motor generators may be used to supply the peak loads 
incident to infrequently scheduled heavy trains, or in other 
words, if the substation capacity is based on commuiating ea- 
pacity, rather than the continuous rating of the machines. Mr. 
Wright states that this may apply to the outlying substations; 
however, it would seem that during periods of light traffic, such 
as is the case during the off-peal: load, the same applies to all 
stations. : 

The largest 1500-volt automatic railway substation soon to be 
placed in operation has a total capacity of 8000 kw., made up of 
four 2000-kw. converter sets. 

R. J. Wensley: It is my feeling that the purpose of this 
paper has been accomplished. It was intentionally written in 
such a manner as to bring out in discussion some of the disputed 
points in the operation of Automatic Hydro-Electrie Generating 
Equipments. The discussions by Mr. R. H. Earle and Mr. 
H. T. Porter are both distinct contributions to the general 
subject. The discussion of the desirable amount of fly-wheel 
effect as given by Mr. Porter is of especial value. 

C. W. Place: I wish to point out that the method of opera- 
tion as outlined by the previous speaker, is not the one that 
will most nearly meet conditions in the middle western territory. 
The most economical operation will be that of using the steam 
plants as base-load plants and the hydroelectric stations for 
carrying peaks. The introduction of more and more inter- 
connection of systems and the building of base-load steam 
plants, makes this use of hydroelectric stations particularly 
valuable. : 
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PAPERS ON CURRENT-LIMITING REACTORS 
(OnsTERREICHER!, STEPHENS AND KIERSTEAD?, Dann?, 
Boyastan‘, BLAKE?) 

Curcaco, Int., June 26, 1924 


N. L. Pollard: There are only a few points which I wish to 
emphasize. One is the question of thermal capacity which 
has been causing the committee considerable worry during the 
last two years. 

If reactors having two small a thermal capacity are used, 
it is possible for them to fail thermally in case the relays on the 
circuit do not function properly. On the other hand, if reactors 
having a long-time thermal capacity are purchased, the cost is 
excessive. In order to get some idea of the increase in cost I 
secured a quotation from one manufacturer for a reacter hav- 
ing a thermal capacity of 13 seconds and an alternate price on 
another reactor of the same capacity having a thermal capacity 
of 22 seconds. The price of the 22-second thermal capacity 
reactor, if I recall correctly, was approximately 35 per cent 
greater. The price increases very rapidly as the thermal 
capacity goes up. 

Some operating men are of the opinion that if a reactor has 
a thermal capacity slightly in excess of that of the cable, it will 
be sufficient. 

Mr. Dann brought out in his paper this morning that there 
were two extreme points of view. One was ‘that the reactor 
might act as a fuse and be the first to fail in the circuit, the other, 
that the reactor should have enough thermal capacity so that it 
will be the last thing in the cireuit to fail. The reactor is sup- 
posed to be a protective device and cuts down the amount of the 
short circuit so that the oil circuit breaker can safely rupture it. 
If it should fail the oil circuit breaker might not be able to rup- 
ture the inereased current and what was originally a feeder 
short circuit becomes a bus short circuit. This, as we all know, 
is a very serious matter in a large generating system. 

From what information the committee has been able to obtain, 
the failures this last year have been fewer, although there have 
been several serious failures which only demonstrates the fact 
that the reactor is not yet a perfect piece of apparatus and that 
improvements can be made that will make it even better than 
it is at present. During the last few months several serious 
failures have been called to my attention. 

R. S. Schurig (by letter): I wish to discuss the paper by 
Messrs. Kierstead and Stephens and wish particularly to refer 
to the mechanical stresses occurring in the insulators during 
short circuits. The test data submitted by the authors in Fig. 
10 show elearly that the observed peak stress on the braces is 
slightly in excess of the peak electromagnetic force. The 
authors thus reach the important conclusion that the peak 
stress on the braces is likely to exceed not only the average elec- 
tromagnetic force but also the peak electromagnetic force. 

The peak stress will, of course, be a maximum in the immediate 
vicinity of resonance.® Since the peak stress varies materially 
from a relatively low value in some eases to a relatively high 
value at resonanee, it is desirable to know— 

1. how to predict roughly whether a reactor is resonant 
or not and 

2. how to estimate the peak stress at resonance. 

These two items will be discussed in the following. 

1. In order to predict whether a reactor is resonant, one 
must determine its natural frequeney, which may roughly 
be calculated from the following approximate formula: 


1. A.I. BE. E. Journar, Vol. XLIII, December, p. 1141. 
2. A.1. BE. E. Journar, Vol. XLIII, December, p. 1142. 
3. A. LH. Ho Jounnan, Viol. xouerL. November, p. 1050. 
4. A.J. E. EB. Journar, Vol. XLIII, October, p. 958. 

5. A. I.E. E. Journat, Vol. XLIII, July, p. 604. 


6. Resonance occurs when an electromagnetic force having a fre- 
quency equal to the natural frequency of the reactor is applied, the natural 
frequency being the frequency of free vibrations, such as would occur, for 


instance, if a heavy direct-current were suddenly applied to a pair of ad- 
facent reactors. 
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where 
S_ is the stiffness of the reactor unit in pounds per inch, the 
stiffness being the force (applied at the center of gravity of 
- the reactor and acting in the direction of the displacement) 
to give unit deflection. In the set-up of Fig. 8, for in- 
stance, the stiffness would be measured in a horizontal 
direction. 
W is the weight of the reactor in pounds. 
is the distance from the base of the foot insulators to the 
center of gravity, assuming that the reactor when dis- 
placed rocks about an axis in the plane of the base of the 
foot insulators. The minimum value of r for a rigid 
reactor is the distance from the base to the center of 
gravity, not including the height of the base insulators. 
Ip is the moment of inertia of the reactor about an axis 
perpendicular to the vertical axis of the reactor and pass- 
ing through the center of gravity. If the reactor is con- 
sidered as a hollow eylinder having outer and inner radii 
R, and Ro, and a height h, measured without insulators, 
all in inches, Jo is 
ees ( Bee roo" ) m. -in2 (2) 
4 3 
The above formula for natural frequency is based on the follow- 
ing assumptions: 
(1) that the reactor displacement is one of translation and 
rotation combined. In the total absence of rotation the natural 
frequency becomes simply: 


~ 


S 
i= 3.13 4] Wy CXC: Per sec. (3) 


(2) that the displacement is elastic. Insulators are, of 
course, not perfectly elastic, but tests of busbar insulators, for 
instance, have shown that their behavior, in vibration, may be 
closely approximated by assuming them elastic. 

(3) that the damping is small. 

(4) that, for the derivation of the moment of inertia Jo as 
expressed in (2), the center of gravity of the reactor is at the 
geometrical center of the unit and that the mass is uniformly 
distributed within the volume of a hollow cylinder. 

(5) that the reactor base insulators are bolted to a rigid, 
massive foundation. 

Example 1. Reactor without Braces 
Estimate the natural frequency, when the constants are: 
W = 1550 lb. 


Ri = 16 in. 
likes = 6 in. 
ie = BD 
jo ee) Alfsyiants 
§ = 1000 — 32,000 lb. per in. assuming that a horizontal 
1 steady force of 1000 lb. applied at the center 
39 of gravity of the reactor displaces the center 
1/32 in. horizontally. 
Solving first for Jo: 
My = Mea ( 256 + 36 + = ) = 230,000 Ib. in.? 
4 at fe 
Then 
eS UE Ye 1020 1b: 
ie 225 


It is seen that the effect of the rotation due to rocking is equiva- 
lent to adding more than 1000 lb. to the weight of the reactor. 
Hence the natural frequency is from (1) 


or f = 11 eyeles per see. approximately. 
If no rocking occurred, ¢. e. if the motion were pure translation, 
the frequeney would approximately : 


f = 3.13 eon 
1550 | 
or f = 14 eyeles per sec. 


Example 2. 

Reactor similar to that of example 1, but equipped with braces, 
such that a steady horizontal compression force of 20,000. lb. 
applied to two adjacent reactors at the level of their centers of 


gravity shortens the distance between the centers by 0.01 inch. 
Hence 


20,000 
0.005 


SS = 4,000,000 lb. per in. 
If the other constants are as above, the natural frequency is 
roughly, from (1) 


7 = 3.13 , | 4,000,000 
1550 + 1020 


or f = 128 eyeles per sec. 
If total absence of rotation were assumed here, the natural 
frequency would be 

f = 159 cycle-per see. 

It is seen then that, for a reactor of a given size, the stiffness 
of the base supports and braces is the chief factor determining 
whether or not mechanical resonance can occur. Thus a reactor 
which is not resonant when set up without braces, may become 
resonant or near resonant when braces are used. 

(2) The resonant peak stresses may be ealeulated’ by as- 
suming elastic supports and braces, if the following items are 
known: 

initial value of average electromagnetic force, (defined as the 

electromagnetic force due to the r.m.s. initial short-cireuit 

current). 

natural frequency of reactor 

mechanical damping of reactor unit 

decrement of short-circuit current. 

If the current decrements given by Hewlett, Mahoney and 
Burnham,® for heavy short circuits (7.e.,system reactance up to 
30 per cent) are used, and the free-vibration decrements due to 
the mechanical damping of the reactor insulators are assumed 
to be the same as those for busbar insulators,’ the calculated 
peak stresses, expressed in terms of the initial value of average 
electromagnetic force, are approximately as follows for 60-cycle 
short-cireuits: 

If the natural frequeney is one tenth the current frequency or 
lower, the maximum stress is 1.0 times the initial average 
magnetic force. 

If the natural frequeney is half the current frequency, the 
maximum stress is 2.2 times the initial average magnetic force. 


7. The theory of the calculations is that employed in the paper by 
Doherty and Kierstead ‘“‘Short-Circuit Forces on Reactor Supports’; 
A. 1. E. E. Journat, August 1923. 


8. “Rating and Selection of Oil Circuit Breakers,”’ A. I. E. E. Trans. 
1918, p. 123. 
9. The amplitude of free vibrations of bus insulators was found by tests 
cn @ 
0.5 — 


to diminish as e n diminishes with time, where q is 27 times the 
natural frequency of the insulator and n, the sharpness of resonance, is a 
constant averaging about 5. for a variety of tests of porcelain bus supports. 
Thus for a 20-cycle support, the decay of the free vibrations is expressed by 
Sy peer -12.6% 
e nm=e 
It is quite likely that the reactor insulators and busbar insulators have 
similar rates of decrement at corresponding natural frequencies, because in 
both cases the stress is absorbed by insulator units consisting of porcelain 
members held in metal supports. 
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If the natural frequency is equal to the current frequency, the 
maximum stress is 4.5 times the initial average magnetic force. 

If the natural frequency is twice the current frequency, the 
maximum stress is 3.2 times the initial average magnetic force. 

If the natural frequency is four times the current frequency, or 
larger, the maximum stress is 2.5 times the initial average 
magnetic force. 

For 25-cyele short-cireuits, the peak stresses are somewhat 
reduced being as much as 25 per cent lower. 

The above data indicate that the highest stress is due to 
resonance at current frequeney, while the stress due to resonance 
at twice the current frequency is less. The high resonant stress 
at current frequeney is due to the d-e. component of short-cireuit 
current. 

It follows from the above figures, that a low natural frequency, 
well below half the current frequency, gives lower stresses than 
any high natural frequency whether resonant or not. 

A further point to which attention is to be ealled is the oceur- 
rence of tension stresses in the braces. Although the reactors are 
connected so that the average stress on the braces is compres- 
sion, resonance, or near-resonance, will bring about heavy 
tension stresses of the order of twice the initial average electro- 
magnetic force. 

R. A. Hentz: That a reactor is a protective device pure and 
simple has been pointed out and this fact should be kept promi- 
nently in mind. In large metropolitan systems the reactor is 
second only to the oil circuit breakers in protecting the system. 
Furthermore, it aids the circuit breakers in performing their 
duty by keeping the tremendous concentrations of energy 
occurring at times of short cireuit within safe limits. 


Unlike the oil-cireuit breaker, some part of the cost of which 
may be charged to the normal operation of the system, the 
current-limiting reactor must function entirely as a protective 
device and the entire cost is chargeable as a premium on the 
insurance obtained from such protection. This premium is very 
high, consisting as it does not only of the operating losses in the 
reactors but also of very considerable capital charges. These 
capital charges include not only the reactors themselves but also, 
what is a very sizeable item, the extra cost of building and com- 
partments to house them and the leads and insulators to reach 
them. Obviously with such a heavy charge for protection, 
operating engineers want to be sure that they are actually ob- 
taining the insurance being paid for. With this before us, it 
hardly seems that the matter of reliability could be stressed too 
emphatically and by reliability is meant not only that of the 
reactors themselves for which the manufacturers are responsible, 
but also that of the design and installation made by the operating 
companies. 


The thermal capacity of reactors has been touched upon and 
this is a most important consideration affecting their reliability. 
Certainly, any protective device, which due to insufficient capac- 
ity, would burn up just at the time it was to justify its in- 
stallation should not be considered. The total cost including 
building, compartments, ete., is so large that the little extra 
investment for increased copper cross section to obtain a device 
adequate for all conditions to which it may be subjected, is well 
worth while. Indeed when considering the total investment 
the difference between reactors with scant copper and ones built 
upon safe design is a very small percentage, and this is partially 
returned through decreased operating losses. It would seem 
that a copper cross section with a thermal capacity above that 
of the underground cable it protects is advisable. 


Reference was made in Messrs. Kierstead and Stephens’ paper 
to shunting resistors. The effectiveness of these devices is some- 
thing about which definite information is much to be desired. 
Some of the early troubles with the reactors, thought at first to be 
over-voltage but later determined to be insufficient mechanical 
strength, and referred to at the bottom of Page 3, second column, 
of,this paper, occurred on The Philadelphia Electric system, and 
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a large number of resistors were added. Of a total of some 378 
feeder coils supplying mainly underground cables, about one- 
third of these have shunting resistors. Uniformly good service ° 
has been obtained from coils with and without resistors. 

A number of uses of reactors have been brought out in the 
several papers this morning, but one to which I personally am 
somewhat partial has not been touched upon, namely, their use 
for starting large 2300-volt motors driving generating-station 
auxiliaries. It is now generally considered that the best way of 
starting these motors is on full voltage, but in certain cases, 
particularly with some high-speed motors, this is not advisable, 
and in such eases reactor starting is a very satisfactory method. 
It possesses an additional advantage where differential relay pro- 
tection is used, as the currents in the line and in the motor neu- 
trals are always equal. We have several motors driving air and 
condensate pumps so equipped, and they start with entier 
satisfaction. 

W. B. Kirke: In the paper by Messrs. Kierstead and 
Stephens on Current-Limiting Reactors, the authors make a 
general statement that in three-phase reactors the mechanical 
forees between coils will be repulsive if symmetrically connected, 
and attractive if the middle phase is reversed. This statement 
is true only if one is considering the average force throughout a 
cycle after the transients of the short-circuit currents have died 
out. If one is considering peak forces during the transient 
periods there are times when repulsive forces of very great magni- 
tude can be built up between an outside coil and the other two of 
a three-phase reactor, even with the middle phase reversed. 
This condition is shown in the accompanying diagram where the 
instantaneous value of the current is near the maixmum in an 
outside coil and returns in the other two. 


direction 


THREE-PHASE CURRENT-LIMITING REACTOR 


Due to the very great space limitations in the galleries of the - 
two Waterside stations of The New York Edison Company, we 
were compelled* to install reactors of minimum dimensions. 
Three-phase insulated-winding type of coils offered the only 
practical possibility. In these reactors there are developed 
under the worst possible conditions with a short cireuit at the 
terminals of the reactors, with full 11,000-volt connected capacity 
and with the short cireuit occurring at a certain point on the 
voltage wave, repulsive forces whose values are in the neighbor- 
hood of 100 times the weight of the reactors. To withstand such 
forees, the reactors are equipped with non-magnetic manganese- 
steel headers which are designed to withstand a breaking load of 
400,000 Ib. They are held together by four chrome-nickel steel 
bolts and one center bolt of Tobin bronze. The headers are 
designed to eliminate, as much as is consistent with mechanical 
strength, circulating currents induced in the headers. This 
is acecomplishd by placing the metal in four Y sections which 
gives the minimum volume of metal in the positions where the 
currents circulate. ; 


Joseph Slepian: The matter of resistor-shunted reactors has 
received considerable discussion in the past, and Messrs. Kier- 
stead and Stephens mention this briefly in their paper. It is not 
often that we get in such a brief account a clear statement as to 
two rather distinet actions that such a resistor may have. First 


March 1925 


e all, it may convert energy into heat, and also being a con- 
ae shunt, it may by-pass energy. Messrs. Kierstead and 
ephens point out that there will be dissipation of energy in the 


On the other hand, they point out that the resist- 

ors will permit energy to pass out from any disturbance that oc- 
curs within a station on the line. It is clear that these actions 
do A place, but the action of passing energy may take place 
equally well when the disturbance occurs outside on the system 
and the resistor will permit some of this energy to pass by the 
reactor and into the protected station. , 

Tt is on this ground, I believe, that a good deal of theoretical 
opposition to shunting resistors has been based. It is evidently 
a quantitative matter. It is the relation between the value 
of the resistor and the values of the circuit constants that is 
going to determine what effect is predominant, and a general 
qualitative statement cannot, I believe, be made. The question 
to be determined is whether the constants that arises in practise 

_ and the resistance values that may be used are of such values 
as to make one action or the other predominant. 

Mr. Boyajian’s paper has been of very great interest to me, and 
on one point I believe I differ a little. In the curve for the d-e. 
excited reactor under variable a-c. excitation, Mr. Boyajian, as 
I understand it, correlates or identifies the first bend with the 
small inflection that one gets in the magnetization curve on direct 
current. It seems to me that is not at all an essential element 
here and that one would get the same effects that Mr. Boyajian 
speaks of if this inflection were not there. One must consider a 
complete curve for positive and negative excitations (Fig. 1 
herewith). The little inflection at the origin is then hardly 
apparent. With zero d-c. excitation, if one super-imposes an 
alternating magnetomotive force the ampere turns vary between 
two equally spaced limits on either side, and the flux variation 
are determined by the curve above and below the axis. If one 
gives, however, a d-c. excitation that brings one to a point as in 
Fig. 2, then superimposes alternating magnetomotive force, the 
extremes of magnetomotive force then occupy points in the curve 
that are not symmetrical with respect to the origin. One may get 
only a small change of flux with one direction of current and a 
large change of flux with the other direction of the alternating 
current. It is evident that we may interpret the application of 
direct current as a shifting of the origin on the excitation curve, 
so that with direct current imposed the curve may be shifted up 
as in Fig. 1a, or with large enough direct current it may be 
shifted so that the lower saturation is shifted through the origin 
and the curve becomes displaced as in Fig. 13. 


Wie, 2 


inie., al 


When we have two cores, with opposite d-c. excitations, andadd 
the two fluxes together the resultant curve will be as in Figs.3 and 4. 
With the alternating current applied, for small alternating cur- 
rent, the extremes of current give only small changes of flux, but 
with large alternating currents the extremes of flux begin to be 
large. Thus I identify the lower bend in Mr. Boyajian’s curves 
with the saturation and not with the inflection that one gets for 
small magnetizations, in the usual virgin magnetization curve. 

Another point of considerable interest to me is the relation 
that Mr. Boyajian gives between the kv-a. of controlling fre- 
quency in such apparatus as Alexanderson’s modulator, and the 
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controlled frequency. Sometime ago I carried on an analytical 
Investigation as to what relations necessarily exist between 
powers, which may be exchanged between frequencies in an iron 
reactor, and for simplicity and shortness of time I will just state 
the nature of the results for a simple inductance. When an 
inductance has iron in it, instead of there being a straight-line 
relation between flux and ampere-turns, it is curved, and we may 
express the inductance of a coil as a power series in terms of the 
current. That is L=Io+Ihhi+ie?+.. ane The 
constant terms would correspond to ordinary inductance, and we 


Me, 3 hice, 2! 


are all familiar with its effects. It is the higher terms that tie 
the frequencies together. If we consider the second term alone 
by itself, we find that it operates to tie frequencies together in 
groups of threes and exchange power between these frequencies. 
A group of three frequencies which this ties together will neces- 
sarily be related in such a way that the sum of the frequencies 
with properly chosen signs will equal zero... 

Then there is a further very interesting relation between the 
powers that are exchanged between these three frequencies. If 
power P, of frequency fF, power P2 of frequency fF, and power 
P; of frequency F2, are tied together by the term L; in a power 
exchange, then these powers are all proportional to their respect- 
ive frequencies, and the sum of the powers with the properly 
chosen signs must necessarily be zero. 

Just as an example to make this clear, we may take the case 
of the Alexanderson modulator or amplifier. We may have 
normal radio frequency of 50,000 cycles, and a controlling fre- 
quency of 1000 cycles. Then as the result of the interaction 
in the iron core, some energy from the 50,000 cycles may be con- 
verted into 51,000 cycles. The first relation which I mentioned 
is satisfied because 50,000 + 1000 — 51,000 = 0. Furthermore 
the powers corresponding to the three frequencies are propor- 
tional to the frequencies themselves, so as Mr. Boyajian points 
out, if you have a controlling frequency of 1000 eyeles and a 
controlled frequency of 50,000 cycles the power of the 1000- 
eycle frequency is to the power of the 50,000 frequency input as 
one is to fifty. 

VY. Karapetoff: Designers of reactors would benefit by a 
wider use of the concept of permeance, both in testing and in 
computing reactors. Generally speaking, the inductance of a 
coil ean be written in the form 

L=n2P; +i ny A Pp (1) 
where n is the number of turns, P is a permeance, the subseript 
e stands for “complete” and the subscript P for “‘nartial.’”’1° 
The two terms on the right-hand side can be combined into one, 
using the so called equivalent permeance, so that eq. (1) becomes 

I = We IPG : 

This formula will be found useful in predetermination of the 
inductance of a coilfrom test data. Let a coil of dimensions a, b, 
c, and whose number of turns is N, have an inductance L, 


10. See V. Karapetoff, “The Magnetic Circuit,’’ Chap. X. 
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determined by an actual test. The equivalent permeance of the 
coil is 

Pea a L/N? (3) 

Let it be required to design a reactor of the same proportions 
but for a different inductance L;. Let the dimensions of the 
new reactor be ma, mb, mc, and the number of turns Ni. 
The permeance of similar magnetic circuits varies as their linear 
dimensions (as is also the case with the conductance of similar 
electric circuits). Thus, the permeance of the new circuit is 
m Pq, and its inductance is 

Ty = Be Pea m (4) 

Knowing LZ; and Pa, the designer can choose m and N, to 
satisfy this equation. Out of an infinite number of solutions he 
ean select one which gives a minimum eost, or a minimum loss, 
or standard dimensions, ete. 

The foregoing formulas are also useful in judging about the 
best proportions of a coil. It will be seen from eq. (1) that for 
a maximum inductance the permeance must be as great as pos- 
sible, and moreover as many linkages as possible must be com- 
plete rather than partial. This means short magnetic paths of 
large cross-section and avoiding turns which link only with a 
small fraction of the total magnetic flux. 

The concept of permeanee is also useful in the determination 
of electromagnetic forces acting upon a reactor (cbid., the last 
chapter). The derivative of the permeance in a given direction 
is proportional to the component of the mechanical foree acting 
in that direction. Therefore, these forces can be estimated on 
the principle of virtual displacements. Moreover, mechanical 
forces become zero when the inductance reaches its maximum, 
because then its derivative becomes equal to zero. This shows 
the advantage of choosing coil proportions corresponding as 
nearly as possible to maximum inductance. Mechanical stresses 
are then smaller and can be more readily controlled. 

So far the shape of protective reactors has been largely deter- 
mined by manufacturing considerations and by space economy. 
It would be of interest to ascertain, both experimentally and 
mathematically, nature’s own shapes of maximum inductance. 
The following experiment is suggested. Let an extremely flexi- 
ble coiled conductor of a definite length be immersed in trans- 
parent insulating oil. and supported at several points say by 
means of floating corks, to be in an indefinite mechanical equilib- 
rium. Let astrong d-c. current be passed through the con- 
ductor. Theconductor will then tend to assume the shape of a coil 
of maximum inductance, and useful conclusion may be drawn 
from its final shape. Guides and obstacles may be placed in 
the tank to limit the motion in certain directions, and in this way 
practical shapes may be obtained, perhaps unknown at present. 

In Fig. 5 of the paper by Kierstead and Stephens the me- 
chanical forces are shown to be of the nature of compression, 
indicating that the reactor tends to increase its permeance to a 
maximum by shortening the magnetic paths and increasing their 
cross-section. On the other hand, in Mr. Oesterreicher’s Fig. 20 
some of the arrowheads seem to indicate a repulsion between the 
turns. While it is possible to connect turns or layers for mutual 
repulsion, such an arrangement would correspond to a non-in- 
ductive winding and therefore would not be suitable for a pro- 
tective reactor. The sketches in these two papers should be 
reconciled. 

Mr. Oesterreicher’s Tables I and II are not clear. If a 
summation over half a cycle is desired, the readings corresponding 
to 180 deg. should be omitted because they belong to the begin- 
ning of the second half cycle. 


S. I. Osterreicher: The two paramount requirements of 
every reactor are thermal capacity and mechanical strength. 
From the standpoint of the design, these two requirements rexe) 
hand in hand. Large thermal capacity during short cireuits 
demands large conductor volumes, which automatically gives the 
reactor mechanical strength. The limitations imposed upon 
these conditions are mostly economic and partly space require- 
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ments. Both are within the sole control of the operating 
engineer. 

Regarding the conductor stranding of which Mr. Dann speaks, 
I believe it is well to use as large individual wires in a stranded 
cable as consistent with a conservative design. The advantage 
of large individual wires is a natural stiffness of the stranded 
cable. During short-circuit stresses, this cable stiffness gives the 
reactor additional mechanical strength. 

To limit the eddy currents to reasonable values in a coarse 
cable stranding, our firm uses enameled wires in stranded cables. 
The eddy-current losses in such enameled-wire cables are equal 
to or less than, those in the fine stranding. 

Among the many interesting points of the Kierstead and 
Stephens paper I find a number in which I readily agree. Toa 
few however I wish to make some comments. One of the state- 
ments—that reactors must be made of fire-proof materials only— 
needs additional qualification. 

It so happens that we manufacture reactors made of fire-proof 
materials as well as some with fibrous materials. Our experience 
with the fibrous-type coils is as good as with the fire-proof reactors. 
The limiting feature in both cases is the thermal capacity. If 
these limits are greatly exceeded, both types suffer equally. 
While I am greatly interested in the test which the authors cite 
about a fire-proof reactor which has been driven up to 725 deg., 
what I would like to ask is do the authors still consider this re- 
actor safe for central-station operation after the test. 


At 725 deg. cent. the copper loses almost 75 per cent of its 
original tensil strength and will rupture readily when subjected to 
mechanical vibrations caused by the magnetic fields surrounding 
the conductor. 

T have data of several reactor conductor ruptures caused by 
what I believe is nothing else-than excessive heating of the copper. 


The authors also mention some flashover test made upon cer- 
tain types of reactors, which showed dielectric strength up to 
100,000 volts. If such is the ease I ean see no reason for install- 
ing auxiliary devices within the reactor to protect against over 
voltages. If a 13,200-volt system is subjected to over voltages 
anywhere near the 100,000-volt mark, such system will break 
down at dozens of places before the critical breakdown voltage 
of the reactor is reached. 

The expression given by Prof. Karapetoff for the permeance 
factor is a great help to the reactor designer. This factor is also 
known as the inductanee or shape factor of the winding. 

I believe, Prof. Morgan Brooks in University of Illinois 
Bulletin No. 10 as well as the late Dr. Rosa in the Bureau of 
Standards Bulletin ealls attention to a similar permeance or 
inductance faetor of solenoids. 

In regard to Figs. 20a and 20c of my paper, which show the 
winding turns in repulsion toward each other, I wish to eall Prof. 
Karapetoff’s attention to my statement, ‘‘whether the forces are 
attractive or repulsive, depends upon the interconnection be- 
tween turns or layers and upon the current distribution through- 
out the winding.”’ 

In multilayer windings all layers or turns cannot be placed in 
the same magnetic planes, thus it must be evident that their 
inductances and mutual inductances cannot be the same. If 
this is true, it cannot be claimed that all turns are always trying 
to locate themselves in the common magnetic center of the 
solenoid. From my experience, as far as the end layers and 
turns of a solenoid are concerned I saw a number of windings, 
distorted in a general direction as indicated by the arrows. 


It seems that Prof. Karapetoff, himself, thinks that the experi- 
ment which he suggests if carried out, will lead to some unknown 
shapes in solenoid design, which I believe, ean be caused only by 
the uneven self and mutual inductances between layers and 
turns. The discrepancy in the summation of Tables 1 and 2 is 
due to the step-by-step method used and should not be expected 
to be analytically exact. 
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Bon, Kierstead: In his book entitled “The Magnetic Cir- 
cuit, Professor Karapetoff has presented a very rational method 
of calculating magnetic forces, which we have used and found to 
be of very great value not only in predetermining the exact value 
of a magnetic foree and its direction, but also in predetermining 
how changes in the cireuit conditions will affect the force. 

In regard to the direction of the force ona particular turn of a 
reactor, I wish to say that it is our conception that the turn tries 
to move in a direction such that the inductance of the circuit will 
be increased. Now if a turn of a reactor moves away from the 
rest of the turns, the inductance will be decreased but if it moves 
toward the rest of the turns the inductance will be increased. 
Therefore, the forces on the turns of a reactor are in such a direc- 
tion as to try to cause them to move together. An exception 
to this is conceivable in the case where the conductor of a reactor 
consists of several strands in parallel and the paralleling of these 
strands is so poorly done that the current in one of the strands 
is actually reversed in direction to that in the other strands. In 
this case, the former strand would be repelled by the latter 
strands. That would mean tremendous losses in the reactor, 
and I don’t think it oceurs in any modern reactor. 

In answer to Dr. Slepian’s discussion in which he points 
out that some energy is by-passed by the resistor into the 
protected station, I wish to state that it is our practise to make 
the resistance of the resistor well above the surge impedance of 
the circuits to which it is connected so that the energy which it 
by-passes is of very much reduced voltage. 

We have in our paper stated that the resistors permit a portion 
of the high-voltage energy of a disturbance that occurs within a 
station to pass out into thé lines. Dr. Slepian has stated in his 
discussion of our paper that the resistors will equally well permit 
a portion of the high-voltage energy of a disturbance which occurs 
on the lines to pass into the station. Dr. Slepian is correct in 
the case where there is only one feeder connected to the bus but 
where there are several feeders equipped with reactors and resist- 
ors a disturbance originating within the station has several paths 
of escape out into the lines while a disturbance originating out 
on one of the lines has only one path into the station. Therefore, 
since there is usually more than one feeder connected to a bus, the 
resistor will in general by-pass considerably more high-voltage 
energy from a station into the lines than from the lines into the 
station. 

In regard to whether resistors are required or not, I wish to 
state it is not a question of protecting areactor from over-voltages, 
but rather it is a question of whether a central station company 
wishes to obtain the advantages of the absorption of high-voltage 
energy which will take place in the resistor, and thus reduce the 
value of over-voltages which may arise on the system. 

Mr. Kirke in his discussion of our paper has pointed out that 
in the case of a three-phase set of reactors placed co-axially and 
connected with the middle phase reversed, there are some con- 
ditions under which the force for a portion of the cycle will be 
repulsive although the average force over a cycle will be attract- 
ive. This is true but the peak value of such repulsive forces 
in the most favorable case is only 14 the peak value of the at- 
tractive force under the most favorable conditions and the aver- 
age force over a cycle under the conditions which gives the highest 
instantaneous repulsive force is zero. It has been our experiene 
that in general, the distance between adjacent phases of ¢co- 
axially placed reactors has been so large that the repulsive forces 
were not large if the middle phase was reversed. 

The value of Mr. Schurig’s discussion of our paper lies chiefly 
in the fact that it gives a method of determining the stresses on 
reactors. The constants he has taken necessarily are only typ- 
ical of one rating of reactors, and, therefore, cannot represent the 
great range of reactors which are liable to be encountered. 


W. M. Dann: The discussion we have had brings out that 


‘not all engineers are in full sympathy with the shunted reactor 


because the inductance of the reactor is a real barrier to high-fre- 
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quency disturbances and it seems like folly to add something 
which might by-pass some of those disturbances into the circuits 
that are to be protected and in that way detract from the effec- 
tiveness of. the barrier which is intended to keep those disturb- 
ances on the side of the reactor where they originate. 

Mr. Osterreicher referred to the Cos Cob iron-core reactors. 
It really was a sort of bold stroke to design those reactors and put 
them in the circuits. I remember that at the time all of us 
looked with more or less awe on those big iron-core reactors. 

I think that my remarks about finely stranded eable may have 
given Mr. Osterreicher a wrong impression because of course the 
strands in the cable are large enough to give it mechanical 
strength. There have been no eases of trouble that I know of 
where the cable itself has not had sufficient mechanical strength 
to withstand the mechanical stresses. 


A. Boyajian: As mentioned in my paper, Messrs. W. B. 
Kirke and F. Dubsky co-operated with the writer in this in- 
vestigation at one time, and I was very much pleased that Mr. 
Kirke was here and discussed the subject. I agree with him in 
the discussion which he has offered. 

I am pleased that Dr. Slepian has verified by profound 
mathematics the conclusion at which I arrive from a simple 
physical consideration relative to the ratio of controlling and 
controlled kilovolt-amperes being equal to that of respective - 
frequencies. 


Tp 
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Fie. 1—D-c. Magnetization CURVE 

As to the shape and interpretation of the volt-ampere curve, 
on which subject Dr. Slepian feels that he differs a little from 
me, I doubt if there is any essential difference. In my paper I 
have first stated the fact that each one of the three representative 
magnetization curves (viz., I—the simple d-c. B-H curve, 
IJ—the simple a-c. volt-ampere curve, and I[I—the a-e. volt- 
ampere curve with superposed d-c. excitation) have two bends. 
This is a fact regardless of our interpretations, and is a satisfying 
parallelism to know. The bends of ease IIT are shifted to the 
right as compared with shose of ease II, the more so the larger 
the d-c. excitation. The existence and position of the two 
bends in the case of combined d-c-a-c. excitation, I have in- 
terpreted as follows. 

Referring to the accompanying Fig. 1, let the d-c. excitation 
correspond to the point a of the magnetization curve. Super- 
position of alternating current will vary the flux in the 
directions of b and c. In the range between b and c the 
alternating-current reactance will be very low and practically 
constant,—very low on account of the saturated condition of 
the core, and practically constant on account of the fact that 
the magnetization graph is a straight line in this zone. It 
follows, therefore, that for values of alternating current up to 
(I,4—Jp), the volt-ampere curve will be straight and of small 
slope like the initial solid portion of Curve Ill Wig. 2). 

For large values of alternating current, the presence of direct 
eurrent will exert only a small influence on reactance, so that 
Curve III must finally approach Curve II, (Fig. 2), asymptotic- 
ally, never crossing it. Having the initial and final portions of 
Curve Ill, we can draw in its intermediate portion as shown 
dotted. At the initial part, 7. ¢., up to the first bend, wave 
shape is fairly free from harmonies. At the final part, that is, 
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above the second bend, wave shape is more and more that of 
simple a-c. excitation without d-c. Between the two bends, 
t. é., in the part shown dotted, wave-shape has a very prominent 
second harmonic. The substance of this detailed explanation 
will be found in the text of my paper. Whether the point 
of view of “the shifting of the origin’ offered by Dr. Slepian 
is any more illuminating or satisfying than the point of view 
of “the shifting of the two bends” (which latter, by the way, is 
a statement of fact) is a matter to be decided by every person 
for himself. In either case, recourse has to be taken to the 
to the d-e. magnetization curve for a detailed explanation and 
here the two explanations coincide. 


Fie. 2—Il. 
ue 


A-C. Vott-AMPERE CurRvE Wirnout D-C. 
A-C. Vout-AmMPERE Curve, D-C. SupmrRrosEep 


I have learned from Prof. Bush that tests at M. I. T. gave 
smaller losses than those obtained by us, and it is hinted that 
the difference is due to second harmonic copper losses in the 
d-e. circuit. The oscillograms given in my paper indicate an 
entirely negligible second harmonie current in the d-c. circuit, 
this being accomplished by proper balanced design. The 
correct explanation of the differences seems to be in stray losses. 
Since the writing of this paper, our units were tested with 
and without tank, with and without steel clamps, and consider- 
able changes in losses were observed. Although stray losses are 
more or less unavoidable phenomena with large units, especially 
with saturated cores, it appears that the determination of their 
exact location and magnitude may lead to considerable im- 
provements in losses by suitable design to reduce them to a 
minimum. 


A 35,000-KW. INDUCTION FREQUENCY CONVERTER: 
(SHIRLEY) 
Curcago, Inu., June 27, 1924 

F.C. Hanker: There is some question as to the application 
of the machine described that I want to discuss, particularly on 
the basis of considerations that Mr. Shirley has outlined. He 
has given in his paper three considerations. If you will analyze 
them, you will find the first is applicable to either the synchro- 
nous unit or the type described. In the second, in the amount of 
inductive ky-a. returned to the system appears to be questionable 
whether the type described is as effective as the straight synehro- 
nous, because the induction machine must of necessity receive 
its magnetization from either the 25-cycle or the 60-cycle system, 
depending on the voltage condition. That means that you 
have to compensate for that excitation or magnetization from 
the line either through other apparatus connected to, say, the 
25-eyele system, or an additional machine that would be sup- 
plied with the set. If you take existing conditions, it would 
nct be very serious or very harmful to supply the magnetization 
from the 25-cycle systems but in other cases where the power 
factor of the 25-cycle load is much lower, then it is a handicap 
to the machine. 

If you take the third consideration he has given I fully agree 
with him as to the desirability of maintaining voltage in con- 
necting the two systems, but it is a question in my mind whether 
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the reactance of the magnitude, that you obtain with the special 
machine, is going to be particularly effective and whether it is 
going to be of sufficient advantage to overcome the disadvantage 
of cost both in reduction in efficiency and in the complication of 
the machine. , 

If you take a similar machine which fortunately is available 
for comparison, the efficiency as given by Mr. Shirley shows 
losses of some 2000 kw. at full load. On the Brooklyn system 
they have a straight synchronous machine of practically the 
same rating, with about 500 kw. lower losses. In other words, 
the efficiency of the two sets inherently penalizes the special 
induction outfit. As the 500 kw. are largely constant losses, 
they are present all the time the machine is in operation. At 
7000 hours a year they represent three and a half million kilo- 
watt hours, which represents a considerable investment if capi- 
talized, and would indicate the disadvantage to which this 
special outfit would be subjected. 

From the other standpoint of the voltage, it is undoubtedly 
true that low reactance between stations of the same capacity is 
of considerable advantage, but it is also true that the tie 
must be of sufficient magnitude and low enough reactance in 
order to be effective in maintaining the voltage on the two sys- 
tems. In the present instance that reactance is given as about 
twenty per cent, which represents a very appreciable drop, 
particularly when you consider the relative sizes of the two 
systems. 

Here is a machine of some 35,000 kw. between systems of, 
200,000 kw., or that order, of one frequency and at least 100,000 
kw. of a different frequency, which means that the tie between 
those two systems is of comparatively high reactance. If you 
take the synchronous converters, only a small difference in volt- 
age between the two supply circuits will cause reversal on one, 
which is the particular point that Mr. Shirley is endeavoring to 
overcome. 

It would be interesting to ask if there has been any operating 
result that substantiates the advantages claimed for the induction 
type, and whether there has been any improvement observed in 
operation under abnormal conditions. It is only under those 
conditions that any difficulty may be expected from the reversal 
of synchronous commutating machines. The slight advantage 
if any is secured at a considerable expense, and the question of 
application should be very carefully considered before any of the 
special outfits are utilized. 


It does involve complications and does involve both losses and 
increase in the magnetizing which every power company is 
endeavoring to keep down just as much as possible. 

EK. B. Shand (by letter): Mr. Shirley has deseribed a type of 
frequeney converter which has had a very limited application, 
therefore it is quite justifiable to discuss it from a comparative 
standpoint with respect to the type of machine ordinarily used 
in similar applications, that is, the frequeney converter set 
composed of two synchronous machines. This discussion in- 
tends to follow this above idea, using the data presented by 
Mr. Shirley to represent the induction or caseade type of machine. 

Attention may be ealled to the three considerations enumerated 
by Mr. Shirley as determining the selection of the cascade type 
of machine for tying together the particular systems referred to. 
The first of these, that of reversibility of operation, allowing the 
set to be considered a spare unit for either system, applies equally 
well to synchronous sets, and is rather a consideration for the 
installation of a frequeney converter, regardless of type. The 
two remaining considerations deal with the ability of the cascade 
machine to transfer reactive ky-a. as well as power between the 
two interconnected systems. This is the main differentiation 
between the abilities of the two types of apparatus considered. 
In the synchronous set, the interconnection between the two 
electrical systems being through the common shaft is purely 
mechanical, so that power alone may be interchanged. In the 
cascade set, the interconnection is partly through the common 
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te yeh gr af headin 
ot ee allowing the interchange of the reactive 
aie ore a rightly, this characteristic has 
“oeneral transformer” eaate Seances eae pare? 
ahaa ll serves approximately to connect 

ge and frequency as the transformer 
does systems of the same frequeney. : 
eee nei ica i the induction-type converter 
a ion ne plays no direct part in the interchange 
¢ , So that. for the purpose of a simple analysis 
it may be assumed non-existent or disconnected. The frequency 
converter than becomes a wound-rotor induction motor with the 
stator windings connected to the 60-cyele system, and the rotor 
windings, through a suitable transformer, to the 25-cycle system. 
This combination is capable of interchanging magnetization, 
but is completely incapable of interchanging power. By analogy, 
therefore, this apparatus might be designated ‘‘the general 
synchronous condenser.”’ The rotor will rotate at 25/60 of the 
synchronous speed at 60 cycles, and the air-gap flux interlinking 
both windings will generate voltages in the stator and rotor 
windings in the ratio of 60:25, on the basis of an equal number of 
turns in each winding. If the voltage ratio of the two systems 
varies from that determined from the design of the converter, 
the reactive ky-a. will flow until the reactive drop in the machine 
has equalled the voltage difference. The magnetizing current is 
supplied from the system with the relatively higher voltage. 
This is all similar to the flow of reactive kv-a. in a transformer, 
except that the frequency and the voltage per turn is not the 
same in the two windings. It thus happens that for every 60 
ky-a. drawn from the 60-cyele system only 25 kv-a. is supplied 
to the 25-cycle system; and, conversely, 25 kv-a. drawn from 
the 25-eyele system becomes 60 ky-a. when taken from the 
stator terminals. 

In the above mentioned arrangement of the “general synehro- 
nous condenser”’ there is no definite frequency ratio between the 
two circuits; this depends entirely on the frequencies as deter- 
mined by the governors of the two systems thus interconnected. 
When the synchronous machine is connected to the same shaft, 
and electrically connected to the rotor of the induction machine, 
the frequency ratio becomes as definitely fixed as in the case of 
the two synchronous machines mechanically connected together. 
The induction set, therefore, locks in synchronism the two sys- 
tems,which it interconnects. The relative phase displacement 
of the two systems will determine the load on the set, and if the 
phase displacement becomes too great, the set will drop out of 
step. The overload at which this will occur depends upon the 
design of the two machines, making up the set. The extreme 
overload capacity of such a set is of the same order as in the case 
of the synchronous type of set. With this in mind, it is believed 
that some of the statements in the second paragraph of Mr. 
Shirley’s paper will be seen to give a deceptive idea of the rela- 
tive limitations of the two types of sets with respect to pulling 
out. 

Returning to the subject of the interchange of reactive kv-a. 
it will be seen that the ordinary transformer diagram may be 
used to determine the relative values of this interchange. 
Utilizing Mr. Shirley’s data, the following impedances may be 
set down. 


‘ 


CWieiHOIR TROEKOIRNNER), oh oon ot caomeu ade Boomde 6.6% 
[ROO REROIBNIOS, oe conbocusodn on amon 5.4% 
Transformer reactance.........-.-+.--- 4.5% 
Magnetizing current..............--.+.- 36.5% 
External reactance (60-cye. system)... . 3% 


It is assumed, in addition, that the synchronous generator 
is excited to furnish the magnetizing current, that is, that the 
set will operate at unity power factor at no-load. The results 
of these conditions will be as follows:—If the 25-eyele voltage 
drops so that the stator input is 37,000 kv-a. at 60 eyeles, the 
output from the secondary alone will be 10,000 kv-a.; assuming, 
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however, that the magnetizing kv-a. from the generator is added 
to this, the total 25-eyele output will be 15,000 ky-a., while 
the voltage drop in the set will be 17 per cent. Assuming now 
that the 60-cycle voltage drops until the stator output is 37,000 
ky-a. the rotor input will be 21,000 kv-a., of which 5500 kvy-a. will 
be supplied from the generator so that the net set input will be 
15,500 kv-a. The corresponding voltage drop in the set will be 
23 per cent. The above ealeulations check roughly with Fig. 13 
of Mr. Shirley’s paper. 

It is considered that the logical conclusion from these figures 
is that the average interchange of reactive kv-a. should be 


37000 + 15400 . ; 
Se te ta OF 26,300 kv-a. with an average drop of 


20 percent. Theset reactance based on its rating of 37,000 kv-a. 
would then be about 28 per cent from the standpoint of voltage 
regulation of the two systems. If the installed capacity of 
frequency changers of this type were considered to be from 
20 per cent to 25 per cent of the capacity of smaller system, a 
figure which is not generally exceeded, it will be seen that the 
reactance of the tie between the two systems will be of a magni- 
tude of between 110 per cent and 140 per cent, as compared with 
the smaller of the systems. With a tie of this value of reactance, 
it is evident that the effect of the induction frequency converter 
in equalizing the voltages of the two systems must be very limited 
in fact, in considering a transformer tie of this nature, the 
regulating effect on voltage would ordinarily be disregarded. 


The third consideration enumerated in the paper is closely 
connected with the above discussion; it regards the possibility 
of paralleling synchronous converters fed from the systems of 
both frequencies because of the tie formed by the induction 
frequency converter. The load distribution between two 
converters paralleled on the direct-current side depends upon the 
relation between their supply voltages. Under full-load con- 
ditions, one machine will reverse its power flow and the other 
earry double load when the supply voltage on one machine 
drops more than 10 per cent with respect to the other. The fact 
that the induction frequency changer set will allow double this 
voltage variation to carry full load reactive kv-a. signifies that 
the adoption of this type of machine will not be a deciding factor 
in determining whether or not converters may be paralleled under 
the conditions referred to above. 

From the analysis as developed above, the writer’s conclusion 
is that as a voltage tie between systems the capabilities of the 
induction type of frequeney converter are negligible so far as any 
practical results are concerned, and that this characteristic of the 
induction converter should have no particular influence on the 
choice of sets. 

O. E. Shirley: The discussions of this paper by Mr. Hanker 
and Mr. Shand both point out that the first point given for the 
selection of the induction frequency converter for the New York 
systems is applicable to the synchronous set as well. This, of 
course, is quite evident, and it was not intended to convey the 
idea that this characteristic was the exclusive property of the 
induction set, but simply to present, as completely as possible, the 
considerations that led to the choice of the induction frequency 
converter. 

With regard to the question of magnetization of the induction 
machine it should be noted that under normal load conditions 
the magnetizing current for the induction machine is supplied by 
the synchronous unit and, therefore, the power factor on both 
sides, as it affects the systems, is unity. It is, therefore, evident 
that the additional machine suggested by Mr. Hanker is not 
necessary. 

The comparison of the efficiency, presented by Mr. Hanker, 
shows a difference of about 1.4 percent at fullload. Part of this 
difference is accounted for by the assumption of a round number 
of 2000 kw. for the losses of the induction set. This value is 
somewhat high and, when used as a basis for calculating the 
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difference of efficiency, it introduces an error of considerable 
magnitude. A comparison of efficiency of sets designed for the 
same characteristics as to insulation, break-out torque, and 
temperature rise shows that the difference is more nearly 34 per 
cent than the value given above. 

The break-out torque, which is mentioned in Mr. Shand ‘s 
discussion, in the ease of the induction frequency converter is 
largely dependent on the torque of the synchronous unit, since 
the torque of the induction machine with voltage maintained 
on the two systems is considerably above that of the usual 
synchronous machines. The maximum torque of this fre- 
quency converter with voltage maintained on both systems is 
over 200 per cent of normal, being very appreciably in excess of 
the 150 per cent torque of the usual design of unity-power-factor 
synchronous machines with a short-circuit ratio only slightly 
over unity. (Note that by short-circuit ratio is meant ratio of 
field amperes for no-load normal voltage to the field amperes for 
rated current on short circuit.) 

The behavior of synchronous converters, operating in parallel 
on the d-e. buses with a-c. supply from systems of different 
frequency, is affected by a number of factors which have not 
been taken in account in either of the discussions, nor the 
original paper, but which must be considered in judging the 
operating characteristics of the converters in this way. These 
synchronous converters are usually located in sub-stations, 
and the drop in the line and transformers will have a very 
decided practical effect in limiting the current taken by them 
during disturbanees. The induction frequency converter being 
located at the central station and close to the bus will transmit a 
very considerable amount of reactive kv-a. balancing the 
voltages to a marked degree, and then the additional drop 
between the main buses and the synchronous converters should 
limit the current sufficiently to prevent injury to the converters 
under many conditions which would cause serious trouble if the 
induction frequency converter were not used. 

The calculations by Mr. Shand from which he concludes that 
the effect of the induction set is negligible in causing a drop 
in voltage on one system, when a disturbance takes place on 
the other system, can best be answered by data taken from 
recording charts showing the results of a severe disturbance on 
the 25-eyele system under actual operating conditions. The 
connected capacity on the 60-cycle system was 35,000 kw. at 
Hell-Gate, 14,000 kw. at Waterside, and 108,000 kw. at Sherman 
Creek. The voltage on the 25-cycle system dropped to 62 
per cent of normal and on the 60-eyele to the following values: 


Hell Garter aoe ie ee ney ee al, sper Gonit 
Sherman Creek................ 81 per cent 
Waterside....... 76 per cent 


East 188 Street Sub-Station.... 
These values of voltage drop do not bear out Mr. Shand‘s 
statement that “the regulating effect on voltage would ordinarily 
be disregarded.” 


76 per cent 


A similar problem in parallel operation of synchronous econ- 
verters from different stations of the same frequency had been 
encountered on the New York systems and this was worked 
out by tie lines between the stations. 
istic of the induction frequency converter was based on ex- 
perience with these tie lines, and sinee the tested values of 
reactances agreed very closely with the calculated values, there 
is no reason to believe that the operation with the frequency 
converter tie should not be as successful as with the ordinary 
tie lines. 

The induction frequency converter has not been used to 
secure parallel operation of synchronous converters as outlined 
above, since the operating conditions of the two systems have 
not yet been such as to make this method of operation desirable. 
A second converter, however, is being built for parallel operation 
with the first and there is every reason to believe that the 
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whenever this method of operation is required, as the use of the 
two sets will take care of increased capacities which will be 
available and may be used later. 


THE INERTAIRE TRANSFORMER’ 
(Dann and KeExioae) 
Cut1caqo, Iu., Jun 27, 1924 

A. H. Maude: Transformer oil, in common with most liquids 
dissolves the gases of the atmosphere to some slight extent. 
Though the quantity of oxygen which can be held in solution by 
transformer gil is very slight when expressed in weight units and 
insufficient to produce any appreciable quantity of oxidation 
products, it would nevertheless, be sufficient to destroy the 
effectiveness of the inert atmosphere of the Inertaire transformer 
should any large part of it diffuse from the oil into this atmos- 
phere. It is well known that any gas thus held in solution will 
readily diffuse out into an atmosphere of some other gas until a 
certain equilibrium depending on the partial pressures and 
solubilities of the gases present is reached. 

The above facts being indisputable it became necessary in the 
course of the development of the Inertaire transformer to go 
pretty thoroughly into this matter and determine some solubility 
constants not heretofore published and work out methods to 
analyze oil for these gases which will be published in a future 
paper. However, the solubility of the gases of the atmosphere 
in ‘‘Wemco A”’ oil can now be stated as follows: 

Coeff. of ab- 


sorption ce. of | Solubility grms 


Gas temp. gas per ce. of of gas per grm 

Deg. Cent. solvent. of solvent 
Nitrogen....... 25 .0925 .000127 
Oxyooneae eee 29 .1705 .000266 


From these figures by the application of the law of partial 
pressures it follows that this oil when in equilibrium with air 
will contain per ee. the following in solution: 


INIGLO@eN ieee aoe Soe 0734 ce 
Oxyeonen a: ate eee Oo oaencc. 
Totals ee eee eae OS tices 


Now if this oil has stood in contact with air so long as to reach 
an equilibrium with it and is then used inan Inertaire transformer 
it will, as soon as the air above the oil has been swept out by the 
inert gas, commence to liberate the oxygen it holds in solution. 

Another factor of importance in this discussion is the chemical 
combination which is known to go on between oxygen and trans- 
former oil and possibly goes on with structural materials of the 
transformer as well. 

To find out what influence these factors, 7. e., physical solution 
and chemical combination, will have on the Inertaire trans- 
former atmosphere it seems desirable to answer, at any rate 
approximately, the following questions. 

1. How much oxygen will, in this way, be introduced into 
the inert atmosphere? 

2. Will this oxygen be chemically reabsorbed and, if so, 
how quickly? 

3. How quickly will oil exposed to air dissolve oxygen? 

4. How much oxygen does transformer oil customarily carry 
in solution? 

From the experimental data available it may be said that, if 
air-saturated oil be charged into an Inertaire transformer in which 
a gas space of the usual proportions is used, between 7 and § 
per cent of oxygen may be expected in the atmosphere one or two 
days after all air has been swept out, this quantity of oxygen 
having diffused out of the oil in which it had been held in physical 
solution. The oxygen will after this be slowly reabsorbed by 
chemical combination with the oil, but would take many weeks 
to be eliminated. 
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_These difficulties can be overcome by using oil free from 
dissolved oxygen. The oil could be freed from this either by 
treatment under vacuum, by bubbling nitrogen through it or 
else the atmosphere can be cleared of oxygen on 2 or 3 successive 
days as has been heretofore done in the installation of the 
Inertaire transformer. Otherwise, the nitrogen used initially to 
displace the air in the transformer can be bubbled through 
the oil thus displacing oxygen in solution as well as the oxygen 
in the atmosphere. ; 


With regard to the rate at which oil will take up a gas by 


solution, this seems to be considerable and leaves no doubt that 


= 


oil left exposed to the atmosphere or handled with pumps drawing 


in air around glands or pistons will contain some considerable 


quantity of oxygen in solution. 


' It was experimentally determined that 10 sq. em. of tranquil 
oil surface with a large depth of gas-free oil beneath it will ab- 
sorb 1 ee. of gasin 7 minutes. 

The following results were obtained by analyzing various 
samples of ‘“Wemco A”’ oil for dissolved gases: 


Per cent by Volume of Gas. 


No Os CO, Total 
Oulitrom® sealed cam. 2.2.4... Gah 2 .O 6.3 
Oil from pump from storage 
tank: CGNs cose cee se 6. Ome ED 2 Sel 
Oil from pump from storage 
GaMNikUNion2 es aaeeaeieoes : Os rons oe 
Oil from transformer with air 
atmosphere). <:% 4... <a... Pew Ee 2 9.4 


These figures point to the conclusion that oil except it comes 
from a sealed can must be expected to contain oxygen in solution 
and precautions must be taken in some one of the above ways of 
preventing this oxygen from contaminating and reducing the 
effectiveness of the inertaire gas cushion as a preventative of 
explosion and as a preserver of the oil. 

L. H. Hill: It was my privilege to supervise the installation 
of the first Inertaire transformers, seven 8333 ky-a., 66000 volt 
units at the Grand Tower Station of the Middle West Power 
Company. 

One of the interesting things noted in connection with this 
installation was that the oxygen content in the gas space before 
any nitrogen was blown or drawn in was only about 17 per cent, 
instead of 20.7 per cent, which is the oxygen content of the 
atmosphere. These transformers had been set up and the gas 
space closed some two or three months before these analyses 
were made and no breathing is believed to have taken place in 
that time. The reduction in oxygen content is largely due to 
slow oxidation of the oil. Oxygen is also somewhat more soluble 
in oil than nitrogen, which would also make for a reduction in 
oxygen content in the gas space. 

This question of absorbed gases in the oil appears in another 
connection. The oxygen was initially removed from the gas 
space of the Middle West Transformers by blowing in nitrogen 
from a cylinder. The oxygen was reduced to less than 1 per cent 
by this method. After the transformer had stood over night it 
was found that the oxygen had come up to 3 or 4 percent. After 
blowing down again to less than 1 per cent, the oxygen came up to 
about 2 per cent the next day and remained around this figure. 

Tests previously made have shown that practically perfect 
mixing of the gases is obtained during the blowing-in pracess, 
so it is logical to assume that the increase is due to the oxygen 
coming out of the oil. 

During the first week that the transformers were in operation 
the load curve showed about one-third to one-half full load for 
eight hours during the day, with no load during the remainder of 
the time. The breathing regulators prevented breathing 
entirely during this period, which shows the value of using a 
breathing regulator with the Inertaire transformer. 
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D. R. Dalzell: I think we will all agree that there are two 
distinet types of explosions that have occurred in transformers, 
namely, the rapid generation of gas due to decomposition of the 
oil by internal arcing, or, as it is termed by Messrs. Dann and 
Kellogg, a primary explosion; and also an explosion of secondary 
nature, due to the ignition of a gaseous mixture above the oil 
level in the tank. In the first case, the rate of increase of pres- 
sure is a function of the energy liberated at the fault, and ocea- 
sionally may be so great as to produce effects much the same as 
those following a secondary explosion. 

In the case of the ordinary “open” type of transformers not 
having their tanks completely filled with oil, a few secondary 
explosions have been experienced. These usually resulted in the 
eracking or breaking of the cover and sometimes the tank, and in 
a few cases burning oil was thrown about, with serious damage 
to the station. The usual cause of these explosions was arcing or 
static discharge on the exposed portion of the leads above the 
oil level, igniting a mixture of air and gases due to internal 
arcing in the oil. 

The primary explosions, having a less sudden increase in pres- 
sure, usually blew off the manhole cover, and were not generally 
attended by burning oil above the surface. These were caused 
an internal failure in the windings. 

It was realized that although explosions had oceurred on only a 
very small percentage of transformers, yet their seriousness 
warranted all possible study to determine means of preventing 
them and minimizing their consequences. 

Of the study made on this subject, beginning as early as 1913, 
it will be of interest to relate briefly those tests illustrating that a 
relief diaphragm would not protect the tank from secondary 
explosions. 

Tests were made to determine whether an explosive mixture 
of gas and air could be produced above the oil level by arcing 
under oil, and also whether a diaphragm covering the manhole 
opening would break and prevent damage to the tank in case of a 
secondary explosion. A large transformer tank was nearly 
filled with oil, and ares passed between electrodes under the oil, 
thereby generating gas which mixed with the air. Horn fibre 
diaphragms of thickness ranging from 5 to 10 mils. were 
placed over the manhole opening. A spark gap was located 
above the oil to explode the gas. 

Preliminary tests were made to determine the most explosive 
mixtures of gas and air, and when this value, about 40 per cent 
gas, was obtained, the gas exploded, resulting in the breaking of 
cover bolts, breaking and lifting of the cover, and scattering 
of burning oil. The diaphragm was destroyed, but failed to 
protect the cover. 

Similar tests were made using an oil seal between the cover 
and tank. In this ease, the tank was nearly filled with water, 
then oil added up to the normal oil level. Gas was introduced to 
the air space and the mixture ignited. Again the cover was 
blown into the air, proving that the seal was of no value. 

One of the earliest steps (about 1910) taken to prevent the 
ignition of gas above the oil, was to place a metal shield around 
the lead, extending from the cover to a point below oil level, and 
grounded to the cover. This ground shield of course prevented 
arcing between leads or any static discharges, and has since been 
generally adopted as a standard construction in terminal 
bushings. 

The next scheme tried was that of filling the space in the tank 
above the oil with a gas chemically inert, using a gasometer with 
which to maintain slight constant outward pressure and a tube 
of gas from which the gasometer was replenished when necessary. 
Patent No. 1,326,049 covering this combination, was issued 
to Mr. F. G. Green, a General Electric Field Engineer, (now 
deceased). The first test, using carbon dioxide gas, was onsome 
750-kv-a. transformers at the Remington Arms Plant at Ilion, 
N. Y., in March, 1916. In May of the same year, a 5000-kv-a. 
transformer of this type was installed at the Narragansett 
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Electric Co., Providence, R. I. Considerable difficulty was 
experienced in reducing the outward leakage of gas to a reason- 
able amount, since the sealed cover construction, as we now 
know it, had not yet been completely developed. While this 
scheme no doubt would have been effective, yet it was at best an 
inconvenience to the operator to maintain. 

In the meantime, the conservator was being developed by 
the General Electric Co., the first installation being made at 
Laurinsburg, N. C., later in 1916. This construction, with its 
completely oil-filled main tank, absolutely prevented any 
further secondary explosions. A pressure relief, consisting of a 
thin metal diaphragm mounted above the oil level in the end of a 
large pipe on the cover, was provided to take care of any increase 
in pressure due to generation of gas from internal failures. 

In addition to this function, the conservator also prevented 
moisture from entering the main transformer tank and prevented 
air from coming in contact with hot oil, together with the re- 
sulting possibility of sludging. Therefore, since we believed 
that the conservator provided all the advantages of inert gas, 
without requireing any attention from the operator, and that the 
possibility of damage to the tank from primary explosions was 
so remote, no further experiments of this nature were made. 

Our subsequent experience with this type of transformer has 
been that to date, with about 1600 units in service having a 
total rating of over §,000,000 kv-a., so far as we know there 
have occurred explosions in only 15 units, all of these being of the 
primary type of explosion previously mentioned. In only 5 has 
any damage resulted to the tank or cover, the diaphragm in all 
other cases relieving the pressure. Where tank damage resulted, 
it was in the earlier types using a metal diaphragm, which was 
found bulged, but did not break quickly enough to prevert the 
manhole cover from being blown off or the cover from cracking. 
Of course, as the diaphragm bulged, it automatically increased 
its strength against bursting. 


These cases emphasized the necessity of using a diaphragm 
having a definite breaking point, independent of the suddenness 
of the applied pressure. With this in view, thin glass was 
adopted several years ago, and in no ease has this failed to fune- 
tion properly. 

The service record of the conservator units just outlined 
indicates that the standard construction of conservator with 
pressure relief will dissipate any except extraordinary pressures 
without damage to a reasonably strong tank. 

In the application of an inert gas as a further precaution a 
against harmful pressures, we have favored the maintainence of 
the gas pressure by an auxiliary supply tank rather than by an 
automatic breather, primarily because of the uncertainty of the 
latter type and secondarily because of its demand on operating 
attention. It should not be overlooked that if a slight leak 
develops in any of the joints above the oil level when an auto- 
matic breather is used, there is no very convenient means of 
detecting the presence of oxygen and moisture which may be 
drawn in through such leaks, whereas with a slight pressure 
maintained at all times by an auxiliary tank, we have an easy and 
positive method of discovering leaks in the same manner as oil 
leaks are discovered in a conservator transformer. 


Any inert gas may be applied to the conservator transformer by 
extending the pipe from the auxiliary oil tank down into the 
main tank far enough to form a pocket for the gas which may be 
introduced from commercial containers. Any outward leakage 
of gas would be indicated by a gradual dropping of the oil in the 
oil gage on the conservator. Expansion and contraction of 
the oil takes place in the usual way in the conservator, and the 
gas-cushion remains undisturbed. Such a pocket may also be 
formed by inverted chambers located at any convenient place 
in the tank directly under the cover, and when so located, there 
is retained the advantage, inherent in the conservator construc- 
tion, of having any leak made visible by oil. This construction 
also obviates the necessity for periodic changing of the deoxidi- 
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zing chemicals in the breather of the “Tnertaire’’ construction. 

C. F. Scott: The authors of the paper have set out the 
desirable results to be obtained in the handling of transformer 
oil and then have shown how, by a very simple means, these 
results are accomplished. The simplicity of the results is some- 
times an indication of the difficult path and the many problems 
which have occurred in the solution of the problem. The result 
in this case seems to be a very happy one as the effective preven- 
tion of oxidation is secured by means which can be added in a 
simple way to present transformers provided their cases are 
tight. . 

The operation of electrical apparatus meets various limitations. 
Temperature is one of the most serious and in general the reason 
why temperature is serious is because it causes deterioration of 
materials. I remember the story of a discussion between Mr. 
Westinghouse and a theoretical engineer who was quibbling 
about rise of temperature and insisting upon some very low 
figures. Mr Westinghouse suddenly asked him why not operate 
the machine red hot if it did not damage the insulation? The 
present paper does show that when oxygen is not present the 
oil maintains its integrity at a very much higher temperature, 
hence the temperature limitations usually applied to transformers 
can be very considerably raised in so far as the oil itself is con- 
cerned. If other materials are found which can be used as solid 
insulating material in transformers which are durable at higher 
temperatures than at present, then the way is open for operating 
them at present temperatures with higher factors of safety. 
Under emergency conditions of extreme overload, Inertaire 
transformers should be found serviceable and safe. 

This transformer, therefore, appears to me to meet satisfactor- 
ily some of the present difficulties and limitations in transformer 
operation by preserving the oil, and it also indicates a way of 
making safe the operation of the transformer at higher loads 
and higher temperatures. 

W. M. Dann: The discussion on this paper seems to bring 
out the fact that it is agreed that an inert gas is a very desirable 
thing to use in a transformer. A point that ought not to be 
overlooked is that while the freedom from the dangers of both 
primary and secondary explosions which the Inertaire trans- 
former gives is a decided advantage from the insurance point of 
view, it is by no means the prime consideration in advocating its 
use. The elimination of the injurious effects of oxygen on the 
oil is a feature which, apart from the insurance against explo- 
sions, makes the use of the Inertaire transformer economically 
well worth while. 

TI think that Mr. Dalzell’s feeling that the automatic breathes 
of the Inertaire transformer involves uncertainty is wrong and is 
probably due to his not having actual experience with its opera- 
tion in service. It is very simple and is very much freer from 
uncertainly than the auxiliary supply tank with its reducing 
valve which must be depended upon to protect automatically 
thef transformer from the high pressure of the auxiliary tank. 


THEORY AND CALCULATION OF THE SQUIRREL- 
CAGE REPULSION MOTOR! 
(West) 
Cuicaco, Inu., June 27, 1924 

H. C. Specht (by letter): The calculation method shown by 
Mr. West will, without doubt, interest all motor designers. The 
way of demonstrating the different fluxes gives a very clear pic- 
ture which can be easily understood. On the other hand, such a 
method of calculation without the use of diagrams and saturation 
curves seems to me rather complicated for routine design work, 
in spite of the fact that the effect of short-circuit current under 
the brushes and iron losses have been neglected. It is also as- 
sumed that all m. m. f. and fluxes are sinusoidal, which does not 
often correspond to the type of winding usually employed in a 
commercial motor. Another assumption is that of constant 
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reluctance, whereas this will vary inversely with the saturation, 
which will have a very marked effect on the characteristics of the 
motor at overloads and when starting. 


Possibly the neglect of these items is responsible for a dis- 
Srepancy in the calculated curves shown in Fig. 6. Curve No. 4, 
as drawn, indicates that the starting torque of a repulsion motor 
will be increased by the addition of a squirrel-cage winding. 
This cannot possibly be the case, and Curve No. 4 should eross 
Curve No. 1 somewhere below synehronous speed, and show a 
starting torque considerably larger than that shown by Curve 
No. 1 representing the combined windings. 

Using diagrams, in connection with the saturation curve for 
magnetizing voltage and flux, simplifies the caleulation method, 
particularly when the motor is first calculated as the straight 
repulsion type and thereafter corrections are made for the effect 
of the squirrel-cage winding, short circuit current under the 
brushes, iron loss, ete. This method also gives a clear picture 
of the effect of the different items and any errors in ealeulation 
may be more easily noticed. 

P. L. Alger (by letter): The element in design of the squirrel- 
cage repulsion motor that is all-important is the choice of the 
constants of the squirrel cage, and this is the point in which the 
new motor described by Mr. Bergman differs most from all pre- 
vious motors of the same class. 

Theory shows that insofar as starting is concerned, the 
squirrel cage should have the highest possible impedance, to- 
gether with the lowest possible ratio of resistance to reactance. 
The ratio of resistance to reactance must be low in order to hold 
the axis of the squirrel-cage current as far away from the axis of 
the cross-field flux as possible, since this will give the least pos- 
sible reduction of cross-field flux for a given squirrel-cage current. 
During normal operation, the squirrel cage should have the 
lowest possible impedance and a fairly definite, but rather low, 
ratio of resistance to reactance. This is true because maximum 
power factor at normal load is secured with a particular value of 
squirrel-cage reactance and because suitable values of pull-in 
torque and of losses are obtained with a particular value of 
resistance. Finally, insofar as commutation is concerned, the 
squirrel cage should have the lowest possible impedance, and a 
high ratio of resistance to reactance, since in this way the energy 
of commutation is most readily and completely dissipated 
without sparking. : 

Consideration of methods of securing these diverse values of the 
squirrel-cage impedance shows that it is very important to have 
no saturation in the reactance flux paths for the squirrel cage, 
since any such saturation would reduce the ratio of starting re- 
actance to running reactance, which ratio should be made as 
large as possible. Also, the squirrel cage should have a low 
d-c. resistance, with eddy currents of such a magnitude as to be 
inappreciable up to double line frequency, but considerable at 
commutation frequency. As the eddy currents give the effect of 
a reduction of reactance as well as an increase of the effective 
resistance, they are altogether objectionable at starting and 
altogether desirable for commutation. 

In the new motor, these requirements have been met in a way 
which seems theoretically the best possible. The squirrel- 
cage leakage flux path has an air gap in it calculated to be of 
such a magnitude as to avoid all saturation at starting, and this 
air gap is filled with a metal wedge of such a resistivity as to give 
eddy currents that are inappreciable at operating frequencies, 
but are considerable at commutation frequency. 


K. L. Hansen (by letter): Although Mr. West has made use 
of certain simplifying assumptions with reference to the angle of 
hysteretic advance and the effect of eddy currents in the shield- 
ing commutating strips, if must be conceded that the agreement 
between the tested and calculated values is sufficiently close to 
justify these assumptions, especially when the complexity of the 
calculations is taken into consideration. It is rather unfortunate, 
however, that neither design constants nor dimensions are given 
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in the paper, thus making it impossible to compare the results 
with those obtained by a method differing somewhat from that of 
the author. 

It is clearly set forth in the paper that the ratio between the 
constants of the squirrel cage and the constants of the commu- 
tated winding must be held between close limits, otherwise the 
no-load losses become excessive or the starting torque per ampere 
will be too low. The fact that at no load the motor develops two 
torque components neutralizing each other instead of just suf- 
ficient torque to overcome the friction losses, as is usually the 
case, tends to make the no-load losses high. The no-load 
losses of the particular machine discussed in the paper appear to 
be approximately 25 per cent of the full-load output. That may 
not be excessive in a 3 h.p. motor, but the same percentage 
losses in a larger machine would be excessive, and it would be of 
interest to learn what results have been obtained on motors of 
say 10- or 15-h.p. capacity. 

The analysis of the squirrel-cage repulsion motor may be ap- 
proached from a different viewpoint from that which Mr. West 
has chosen as his starting point. About thirty years ago Profes- 
sor Ferraris suggested that single-phase induction-motor opera- 
tion could be explained by considering the single-phase 
alternating field as made up of two components revolving in 
opposite directions. It seems that this method has not been 
looked upon with favor as a starting point for quantitative analy- 
sis, but I have found it exceedingly useful in the solution of just 
such problems as that discussed by Mr. West. 

Analysis of the squirrel-cage repulsion motor from this view- 
point also leads to four equations with four unknowns, so the 
numerical calculations may not be much simplified, if any, but 
the forming of the equations from physical considerations is 
made more simple and direct by this method. It is not neces- 
sary to resolve the primary winding into two components at 
right angles to each other, nor to consider the transformer and 
rotational voltages separately. Equally, there is no need of 
considering the squirrel-cage as the equivalent to a commutating 
winding with the brushes short-circuited in two rectangular axes. 
From the viewpoint of two oppositely rotating fields the squirrel 
cage is considered as a polyphase circuit with two current com- 
ponents flowing in it of frequencies proportional to s and (2—s), 
where s = slip. These current components are physical reali- 
ties and are plainly shown on the oscillogram in Mr. West’s 
paper. The reactances which these current component com- 
ponents meet are likewise proportional to s and (2 — s). 

T have not derived the formulas of the squirrel-cage repulsion 
motor from the viewpoint of two rotating fields, mainly because 
the constants are not given in the paper so that results can not be 
compared anyway. Another reason is that I have applied this 
method in considerable detail to a number of similar problems 
in a paper entitled ‘The Rotating Magnetic Field Theory of 
Alternating-Current Motors,’’ which will be published in the 
JourRNAL at some future time. 

I am indebted to Mr. Specht for calling attention to a point 
which should perhaps have been explained more fully in the 
paper. It is natural to believe that Fig. 6 of my paper is wrong 
as has been claimed by Mr. Specht, because at first thought 
it would seem that the addition of a squirrel-cage to a repulsion 
motor must necessarily reduce the starting torque. Paradoxical 
as it may seem, however, this is not true, and it is a fact that 
if the squirrel cage is removed from a properly designed squirrel- 
cage repulsion motor, the starting torque will be materially 
reduced unless the brush position is changed. 

The explanation is that although the ampere turns of the 
squirrel cage partially neutralize the field ampere turns of the 
stator winding, and thus reduce the field flux per ampere of line 
current, the starting impedance is much reduced so that the 
starting current is greater. The starting torque is roughly 
proportional to the product of the starting current times the 
field flux, and therefore may or may not be decreased by the 
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addition of a squirrel cage, depending on the relative design 
constants of the motor and squirrel cage, and the angle of brush 
setting. 

The curves of Fig. 1 give in a general way a comparison 
between the starting torques of a repulsion motor and of a 
squirrel-cage repulsion motor for different brush positions. It 
will be noted that for brush positions close to the low-impedance 
~ neutral, the plain repulsion motor has the higher starting torque, 
but as the brushes are shifted farther from neutral a point is 
reached beyond which the squirrel-cage repulsion motor has the 
higher starting torque. 

It is of course true that the maximum torque obtainable is 
less for a squirrel-cage repulsion motor than for the correspond- 
ing plain repulsion motor. It should also be noted that the 
starting torque of the squirrel-cage repulsion motor is less 
sensitive to slight changes in brush position than is the plain 
repulsion motor. 

The omission of certain minor factors in the derivation of the 
equations is, in my opinion, fully justified. If all factors that 
affect the motor operation were taken into consideration, 
assuming that it were possible to do so, the results would differ 
from those obtained by the method given in the paper by pereent- 
agesin comparably smaller than the percentage difference between 
the starting torque values of curves 1 and 4 of Fig. 6 which 
Mr. Specht referred to. In calculating starting torque, it is 
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sometimes necessary to make certain allowances, such as those 
for saturation and the effects of the currents in the short- 
circuited coils. The calculation of starting torque is so very 
much easier and shorter than the general calculation that the 
necessary allowances can easily be made. 

I feel safe in saying that it is impossible to make a reliable 
quantitative predetermination of the performance of a squirrel- 
cage repulsion motor by first calculating the performance of a 
plain repulsion motor and then making allowances for the 
effect of a squitrel-eage unless experimental or other accurate 
data for motors of somewhat ‘similar design characteristics are 
available. For example, I do not believe that the design of a 
2-pole, 25-cycle motor could be most advantageously worked 
out on that basis if experimental or other reliable data were 
available for 4-pole, 60-cycle motors only. The conclusion 
which Mr. Specht arrived at concerning the curves of Fig. 6 
might be said to be characteristic of the results that might be 
expected from the use of that method, for as I tried to show by 
the curves of Fig. 6, the action of each rotor winding is alto- 
gether different from that which it would have if the other 
winding were removed. 

The method of calculation which I have outlined in the paper 
is too complicated for general routine design work, but, in my 
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opinion, the design of a motor of which many thousands will be 
built, is of sufficient importance to justify the carrying out of a 
number of complete calculations so as to determine the most 
economical use of materials, to get a better idea of the best 
proportions of the design constants, and to learn how the opera- 
ting characteristics of amotor will be affected by a change in any 
one of the design constants. 

I am in complete agreement with Mr. Alger except in regard 
to the way in which squirrel-cage resistance affects the starting 
torque. At standstill, the current in the squirrel cage is almost 
all in the field axis, since the commutated winding effectively 
shields the squirrel cage in the transformer axis. The effect 
of the squirrel-cage resistance is to cause the field flux to lag the 
line current in time phase, thus making it less effective in 
producing torque. 

In reply to Mr. Hansen’s question about the no-load losses, 
it may be said that the no-load losses need never be objection- 
able. The larger the motor, the lower the percentage no-load 
losses may be made. Fora10-h. p. motor, the no-load losses are 
approximately 11 per cent of the full-load input. 

I am glad that Mr. Hansen has succeeded in working out the 
theory of single-phase commutator motors by the revolving- 
field method, for it seems that it is necessary to use the revolving- 
field method in order to allow properly for ae effects of eddy 
currents in the squirrel-cage bars. 

The revolving-field method and the cross-field method both 
have their advantages, and in my opinion neither method 
should be used to the exelusion of the other. The revolving- 
field theory allows for the variation of inductance and resistance 
with frequency variations in the rotor conductors and would 
give the slip-frequency and double-frequency components of the 
rotor current directly. On the other hand, the cross-flux 
theory is, in my opinion, easier to work with, especially for 
commutator motors, and in the ease of the squirrel-cage repulsion 
motor gives a clearer picture of the effect of the squirrel-cage 
currents on the power factor than would be obtained from the 
revolving-field point of view. The ‘current in the transformer 
axis of the squirrel cage’’ and the ‘‘current in the field axis of the 
squirrel cage,’ which are given directly by the eross-field method, 
have definite and very useful physical meanings. 

I regret that Mr. Hansen has not completely worked out the 
equations for the squirrel-cage repulsion motor following the 
revolving-field method. I believe that the equations which he 
would obtain by that method, starting with the same assump- 
tions, would be identical in form with mine. At least it should 
be possible to transform the equations obtained by one method 
into those obtained by the other. Possibly his final equations 
would appear in a form that would give an easier method of 
calculation than mine. A direct comparison of equations would 
be more convincing and probably easier than a comparison of 
ealeulated data. 

THE TRANSMISSION UNIT AND TELEPHONE TRANS- 
MISSION REFERENCE SYSTEMS! (Martin) 
Cuicago, Inu., June 25, 1924 

A. M. Wilson: Of course the application of preferred num- 
bers offers a very reasonable solution for a number of problems 
that are arising more and more with different sizes of equipment 
and materials; but the use of the distortionless cireuit should 
be of service in connection with problems in inductive inter- 
ference. 

I should like to know if there is any possibility of using this 
type of cireuit in investigations of inductive interference, instead 
of, or in conjunction with, the telephone interference factor meter. 

The type of meter is connected to a power circuit, for the 
purpose of indicating what may be going on in a neighboring 
telephone circuit. It would seem more logical, and very desir- 
able, to have an instrument connected directly in the telephone 
circuit, to indicate the effects produced in the telephone cireuit. 
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W. H. Martin: Referring to Mr. Wilson’s question, a° 
distortionless circuit of the type referred to has been used in a 
fundamental investigation in the laboratory of the effects of 
loudness, distortion and the presence of noise on the intelli- 
gibility of reproduced speech sounds. For this purpose, the 
circuit was arranged so that all three of these factors could be 
varied, either separately or in combination. In this way, the 
circuit is of service in connection with the consideration of the 
noise produced in telephone circuits by induction from electrical 
power systems. 

The telephone-interference-factor meter was designed to 
provide a ready and portable means for rating the wave shapes 
of power systems and apparatus from the standpoint of produ- 
cing interference to telephone circuits. As described in the 
paper by H. S. Osborne in the 1919 Transactions of the 
A. I. E. E., it is based on the interfering effects of extraneous 
single-frequency currents in a commercial telephone receiver on 


the intelligibility of speech sounds given out by the receiver and 


also on the general relation that the current induced in telephone 
circuits by a given voltage or current in a power circuit is 
approximately proportional to the frequency. It, therefore, 
takes into account both the inductive effect between the power 
and telephone circuits and the interfering effect of the currents in 
the telephone cireuit. The distortionless circuit which has been 
described in the paper on the transmission unit does not provide 
a means for measuring interference which ean be used instead 
of, or in conjunction with, the telephone-interference-factor 
meter. : 


THE TRANSIENT VISUALIZER! (TurRNER) 
Cuicaco, Inz., June 25, 1924 

J. R. Craighead: This device serves the purpose of re- 
peating a transient so that it ean be properly studied by the eye 
or where there is any question of suitable illumination can be 
better photographed because of repetition. This should lend 
itself to the use of higher velocities and consequently larger and 
more easily readible records on the oscillograph than have been 
obtained. The possible limit of speed on the oscillograph in 
the direction of the motion of the film is chiefly the photographic 
effect. This device should enable the photographic effect to 
be much improved, provided the nature of the switch is such 
that duplication can be assured in the transient at excessively 
high speeds. Can Mr. Palmer furnish any statement regarding 
the practicable limits? 

Another point which enters into the successful duplication 
of a transient is the effect of varying contact in a switch. In 
attempting to get single transients at definite points in the 
e. m. f. wave, I have had occasion to work with somewhat larger 
currents and the results have not been successful. That is, it 
is possible to construct a switch for small currents or for poten- 
tials which earry practically no current at which duplication 
can be made quite accurately. ' é 

When we get to apparatus the size of ordinary oil switches 
and large circuits, this kind of duplication is not practicable 


_ because although the actual duplicating relay can be made to 


operate accurately, the oil switch itself has a sufficient variation 
in time so that it is not practicable to secure a duplication of 
the particular point on the wave that is desired. 

In regard to the separation of components of wave forms, as 
mentioned on page 5, the method of separation is not very 
clearly stated. I understand it to be the use of the transient 
visualizer to maintain a constant zero, and alteration of the 
circuit connections is necessary to obtain the oscillogram in 
each particular case. I should like to ask Mr. Palmer whether 
this solution is that which is intended. 

H. M. Turner: Mr. Craighead raised the question re- 
garding duplication at high film speed. I can say that we have 
experienced no difficulty with retracing when operating at a 
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film speed of 1200 ft. per min. Usually, however, we are opera- 
ting at 600 ft. per min. and the retracing is practically perfect. 
It should be pointed out that a small constant friction load on 
the photographie drum shaft is necessary to prevent oscillations. 

So far as current-carrying capacity is concerned there is 
no reason why it cannot be greatly increased by using wider 
brushes. In demonstrating fundamental principles there is no 
particular advantage in using large currents. In general it is 
convenient to use currents of 15 amperes or less. However, 
when studying the performance of particular pieces of equipment 
where several hundred amperes, or in extreme cases, probably 
several thousand are involved a special design would be re- 
quired. In the case of alternating current advantage may be 
taken of the fact that the circuit may be opened when the 
current is at or near the zero value. 

With reference to the method of separating the components, 
the transient visualizer makes it possible to start all components 
from the same point on the film. First, the transient current is 
taken by closing the circuit at the desired point at the electro- 
motive force wave. Second, the transient visualizer is short- 
circuited and the permanent component is taken. Third, with 
the permanent component flowing through the oscillograph 
element in the reversed direction the line is short circuited by 
means of the transient visualizer and the transient component is 
taken in proper relation. In order to avoid tripping the circuit 
breaker two identical circuits are connected in series and the 
short circuit is applied to one of them. 


TEMPERATURE RISE OF STATIONARY ELECTRICAL 
APPARATUS AS INFLUENCED BY RADIATION, CON. 
VECTION AND ALTITUDE! 

(MontTSsINGER AND Cooney) 


EFFECT OF ALTITUDE ON TEMPERATURE RISE? 
(DoHERTY AND CARTER) 
Cuicaaco, Inuinois, JuNE 25, 1924 


W. J. Foster: For a great many years I have been a party 
to the effort to obtain correction factors for rotating machinery 
from data collected at high altitudes and at sea level, thus deriving 
empirical formula, but I must confess that it seems a hopeless 
task. 

IT think Messrs. Doherty and Carter have pursued the only 
feasible method, that is, establish the conditions of air density by 
exhausting the airin something similar to the drum they have 
used. After all this is done, there remains the difficulty of 
classifying rotating apparatus. There is the wide open machine 
where no attempt whatever is made to give direction to the 
movement of air which is the cooling medium, and on the other 
hand, the totally inclosed machine where practically all the 
heat is carried off by the air passing through. Between those 
two we have all kinds of partially inclosed machines, and the 
effect on temperature rise is often very accidental. That is why 
it is so difficult to determine the proper correction even though 
you use a large number of cases between machines that have 
been tested at approximately sea level and after installation at 
high altitudes. ; 

One can understand this statement if he is familiar with what 
often happens on the testing floor of the manufacturer. If for 
any reason a machine is changed in its position during test 
(I ‘am now speaking of a machine that is largely open or only 
partially inclosed) the resultant temperatures with the same 
conditions of load will vary a few degrees, due to the movement of 
the air, to the amount of air passing through and to the other 
machines that happen to be running in the vicinity. 

1 have seen the same thing in machines installed outside, 
e. g., in the ease of a 5000 kw. direct-connected steam-engine- 
driven generator at low speed, where temperatures were known 
at certain times to be considerably higher than at other times. 
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After careful examination it was found due to the accident of the ° 


direction of the wind outside the building when the machine was 
started up. j . 

I have watched Mr. Montsinger with considerable interest 
during the last ten years in his efforts to obtain proper correction 
factors for stationary apparatus. I think he has the problem 
quite well solved, and Mr. Doherty I think has attacked the 
problem in the correct manner. 

When I first studied heat many years ago in the secondary 
schools, we had the dissipation of heat as due to radiation, con- 
duction and convection. I still like to think of the conduction 
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This covers machines intended to operate at altitudes above 1000 
meters. The curves (a) (6) (c) and (d) show the value of the correction 
‘in'’degrees centigrade, which amounts to 10 per cent of the standard tem- 
perature rise, applied to machines having: 

(a) Class B insulation, 80 deg. standard rise by embedded detector. 
(b) “6B ie Ome s “« « thermometer. . 
(c) GM 8 & COM & « “ embedded detector. 
(d) SoA st 50a a «  “ thermometer. 


factor and in a totally inclosed machine of the cooling medium, 
the air which passes through as a carrier quite similar to what we 
would have if we used water or some liquid which would have 
greater capacity for heat than the air; I think that makes the 
problem simpler in totally inclosed machines. 

When it comes to a matter of establishing standards, I hope to 
see this whole subject put on the basis of sea level and the formula 
for convection applied from sea level. It seems to me that is the 
only scientific way for a body of engineers to proceed in 
standardization. 

E. B. Paxton: The present A.J. E. E. Standards Rule 
(Paragraph 2215) recommends that the temperature rise of 
electrical machinery intended for operation at high altitudes 
shall be reduced at the rate of 10 per cent for each 1000 meters by 
which the altitude exceeds 1000 meters. A comparison of the 
values given in the first column of Table I of the paper by Messrs. 
Doherty and Carter shows this value to be in close agreement 
with the results given there for rotating machinery, namely, the 
values: 9 per cent, 10.7 per cent and 11 per cent. 


The present A. I. E. E. rule makes no distinction between 
methods of temperature measurement when applying the 
altitude correction, whereas strictly speaking a lesser pereentage 
should be employed when correcting for temperature rise meas- 
ured by embedded temperature detectors than when correcting 
for temperature rise measured by thermometer on the surface due 
to the increased percentage base. A graphical interpretation of 
the present A. I. EH. E. rule applied to the limiting temperature 
rises allowed for Class A and B insulation, which shows the cor- 
rection in degrees instead of per cent, is given in Fig. 1. 

Following this rule it is evident that a machine with Class A 
insulation specially rated for operation at 3000 meters will be 
given a rating occasioned by 
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(1) 50 deg. — (10% X 2 X 50) = 40 deg. rise. 
at sea level if the temperature is measured by surface thermom- 
eter; or 

(2) 60 deg. — (10% X 2 X 60) = 48 deg. rise 
at sea level if the temperature is measured by embedded tem- 
perature detector. 

The correction is 10 deg. in the first case and 12 deg. in the 
second ease. Obviously for a given load the drop from the 
copper to the surface is the same regardless of the altutude so 
that the number of degrees correction should be the same in 
either case. The method of expressing the correction in per cent 
based on a single percentage base is incorrect to this extent. 

Mr. Doherty has recognized this fact in his paper by estab- 
lishing a lower percentage correction when internal temperature is 
considered as shown by the second column of values in Table I. 
Had the corrections beon expressed in degrees correction rather 
than in percentage of rise correction, one set of values would 
replace the two sets of percentages given for internal and sur-. 
face measurements for any one class of insulation. For example 
the percentage established for Turbine Generator Fields with 


30 


NO 
Oo 


DEGREES CENTIGRADE 


3000 


2000 
METERS ALTITUDE 


Fig. 2—IncrEASE IN TEMPERATURE RISE OF VARIOUS 
MacuHINEs with ALTITUDE 


The increase is given in degrees C. The values are computed from the 
values in the Doherty and Carter paper.- 

(1) Turbine generator fields (rotors), enclosed ventilation. 
cent of 52-deg. surface rise or 7.15 per cent of 80-deg. internal rise. 

(2) Air-blast transformers. 11 per cent of 50-deg. rise, surface or 
internal. 

(8) Generator and motor bare-copper-strip fields, open type. 
cent of 55 deg. rise. 

(4) Turbo-generator armatures, enclosed ventilation, and generators 
and motors, enclosed type. 10.7 per cent of 35-deg. surface rise or 6.25 
per cent of 60-deg. internal rise. 

(5) Generators and motors with insulated fields and armatures, open 
type. 9 per cent of 40-deg. surface rise or 6.5 per cent of 55-deg. internal 
rise. 

(6) Totally enclosed motors. 5.35 per cent of 55-deg. rise. 

(7) Reactors and bus bars. 4.7 per cent of 60-deg. rise. 

(8) Natural-draft transformers. 4.6 per cent of 50-deg. rise. 

(9) Rheostats, meters and miscellaneous stationary apparatus. 4.2 
per cent of 50-deg. surfacerise. 

(10) Oil-insulated self-cooled corrugated-tank transformers. 
cent of 40-deg. surface rise or 3.06 per cent of 55-deg. internal rise. 

(11) Ojil-insulated self-cooled, plain-tank transformers. 2.2 per cent ’ 
of 40-deg. surface rise or 1.6 per cent of 55-deg. internal rise. 

Based on 10 per cent and 4 per cent of A. I. E. BE. Standard tempera- 
ture rise. 


11 per 


9 per 


4.2 per 


enclosed ventilation is 11 per cent of 52 deg. surface temperature 
rise or 7.15 per cent of 80 deg. internal temperature rise = ap- 
proximately 6 deg. correction per 1000 meters. 

Fig. 2 shows the values given by Mr. Doherty. expressed in 
degrees instead of percentages. He arrived at these values by 
selecting typical cases of temperature rise for a given type of 
machine and applying the percentage correction. Consideration 
of the first column of percentages in Table I of the paper or of 
Fig. 2 shows that all apparatus falls roughly into one of two 
groups to which the correction percentages of 10 per cent and 
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4 per cent per 1000 meters for surface temperature may be 
fairly definitely applied. These two groups are as follows: 
Rotating Machines (Except Totally Enclosed } 


Motors) § 10% 
Air Blast Transformers ] 
Transformers (Except Air-Blast Transformers) 
Reactors and Busbars 
Rheostats, Meters, Relays and Miscellaneous 4% 


Stationary apparatus 
Totally Enclosed Motors 
The dotted lines in Fig. 3 show the degrees correction ob- 
tained by applying the above percentages to the standard 
A. I. E. E. temperature rises for Class A and Class B insulation. 
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Fic. 3—IncREASE IN DEGREES TEMPERATURE RISE WITH 


ALTITUDE 
Curve Per Cent Surface Rise 
(m) 10 70 
(n) 10 50 
(0) + 70 
(p) 4 60 
(q) 4 40 


The proposed corrections are shown by curves (B) and (C). (B) is 10 
per cent of 60-deg. surface rise. (C) is 4 per cent of 50-deg. surface rise. 


The solid lines show a compromise between the dotted lines 
which should be sufficiently accurate for standardization 
purposes. 

Fig. 4 shows a superposition of the curves in Fig. 1, Fig. 2 and 
Fig. 3, namely: 

The preceding part of this discussion has served to correlate 
the data at hand and enables a proposition for the numerical 
values of a standard correction to be made. The remaining 
problem is one of application in the A. I. E. E. Standards. 

The present A. I. E. E. Rule, par. 2215 reads as follows: 

“9915, Altitude.—*Increased altitude has the effect of 
increasing the temperature rise of some types of machinery. 
In the absence of information in regard to the height above sea 
level at which a machine is intended to work in ordinary service, 
this height is assumed not to exceed 1000 meters (3300 ft.). For 
machinery operating at an altitude of 1000 meters or less, a test 
at any altitude less than 1000 meters is satisfactory, and no 
correction shall be applied to the observed temperatures. Ma- 
chines intended for operation at higher altitudes shall be re- 
garded as special. It is recommended that when a machine is 
intended for service at altitudes above 1000 meters (3300 ft.) 
the permissible temperature rise at sea level, shall be reduced by 
1 per cent for each 100 meters (330 ft.) by which the altitude 
exceeds 1000 meters.” 

There are two objections to the rule as stated: 

(1) The rule is loose in that a machine tested anywhere 
under 1000 meters is considered suitable for operation anywhere 
under 1000 meters. This may lead to a difference in temperature 
rise of about 6 degrees, thus causing the temperature of a ma- 
chine to exceed the allowable temperature limit by that amount 
when operating at 1000 meters in a 40 deg. ambient temperature, 
if it is tested near sea level at the limiting standard temperature 


rise, as many machines now are. 
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(2) The rule states that all machines for operation above 
1000 meters shall be regarded as special, 

In the interests of economy it is advisable to reduce insofar as 
possible the special applications of machines. Fundamentally 
there is no more reason why there should be a multiplicity of 
ratings for different altitudes than for different temperatures of 
the air in which a machine must work due to different climatic 
conditions. The effect of increased temperature, due to inerease 
in temperature rise, of a machine operating at abnormal altitudes 
is of no more consequence than the same effect, due to an average 
correspondingly great difference in ambient air temperatures, 
existing in different localities. Yet in the former instance it has 
been considered necessary to give the machine a rating based on 
an entirely different temperature rise. Weather Bureau reports 
show a difference of 11 deg. cent. for the month of J uly between 
the normal surface temperatures of the northern and southern 
portions of the United States, a difference in temperature which 
corresponds to the extreme correction necessary for an increase 
in altitude of 2000 meters, namely that for turbine-generator 
fields. For this difference of 11 deg., which occurs in innumer- 
ably more instances than a similar difference for altitude, there 
is no provision made in the A. I. E. E. Standards—nor should 
there be. The mean daily maximum temperature for the 
month of July for same regions differ by about 17 deg. cent. 
which corresponds to the extreme correction for an increase in 
altitude of nearly 3000 meters. 

There is also probably the less reason for these different rat- 
ings for different altitudes because generally the effect of in- 
creased altitudes is offset by lower ambient temperature con- 
ditions. A report published by the weather bureau of the 
United States makes the statement that: 


“The observed decrease in temperature with elevation is, on 
the average about 1 degree Fahrenheit for 330 ft. (5. 5 deg. cent. 
per 1000 meters): it is more rapid in summer than in winter.”’ 

If credence can be attached to the above statement there will 
be only a very occasional occurrence of such unusual conditions 
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Fig. 4—How Prorvosep CorrEcTIONS COMPARE NUMERICALLY 
with Present A. 1. BE. E. RecoMMENDATION AND EXPERIMENTAL 
DaTa 

This chart is a combination of Figs. 1, 2 and3. Curves (1) to (11) are 
calculated from experimental data on various machines as listed under 
Fig.1. Curves (a), (6), (c) and (d) are the present A. I.E. E. recommenda- 
tions as shown in Fig. 2. Curve (B) is the proposed temperature cor- 
rection for the kinds of apparatus shown by curves (1) to (5). Curve (C) 
is the proposed correction for kinds of machines shown by Curves (6) to 
(11). These two curves are shown also in Fig. 3. 


of service as to warrant special consideration. It should be 
borne in mind, however, that in many instances machines are 
operated in buildings the inside temperatures of which may not 
correspond closely to the outside temperatures. 

The matter of application of machines for high altitudes could 
be greatly simplified by considering altitude as one of the service 
conditions that affect the heating of electrical machinery in 


operation. The correction could be made most simply and 
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effectively by considering it in connection with the limiting 
ambient temperature in which a machine may safely carry its 
rated load. 

Fig. 5 shows the limiting ambient temperature at various 
altitudes in which a standard apparatus, rated on a basis of sea 
level, may be expected to carry its rated load without exceeding 
the maximum limiting temperature established by the A. I. KH. E. 
Standards. It will be clearly seen that these curves have been 
arrived at by subtracting from a 40-deg. ambient the resultant 
correction given in Fig. 3. 

Expressed in words the proposed guide would be:— Rotating 
machines (except totally enclosed motors) and — air-blast 
transformers. 

These types of apparatus shall be suitable for carrying their 
rated load provided the ambient temperature does not exceed a 
value of 40 deg., less 6 deg. for each 1000 meters by which the 
altitude exceeds sea level. 

Transformers (except air-blast transformers) 

Reactors and bus bars 

Rheostats, meters, relays and 

Miscellaneous stationary apparatus 

Totally enclosed motors. j 

These types of apparatus shall be suitable for carrying their 
rated load provided the ambient temperature does not exceed a 
value of 40 deg., less 2 deg. for each 1000 meters by which the 
altitude exceeds sea level. 
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Fig. 5—Proposep Rute Limiting Cooiinc-Air TEMPERATURE 
Av HiagH ALTITUDES 

This chart illustrates the proposed rule which designates the limiting 

ambient temperature in which standard apparatus rated on a basis of 


sea level, may be expected to carry rated load without exceeding the 
maximum limiting temperature. a 


The effect of the proposed method of applying the rule is to 
make the correction definite over all altitudes including altitudes 
less than 1000 meters. But it should be noted as important 
that a standard apparatus rated on a basis of sea level would be 
on the proposed basis suitable for operation up to at least 1000 
meters under usual conditions of service and that the size or 
rating of machines applied under these conditions will not be 
changed. Furthermore, the effect is to regard the application of 
apparatus at higher altitudes as special either by de-rating or 
using a larger machine, only when the higher altitude is coupled 
with unfavorable values of ambient temperatures, as given by 
the proposed rule. 

L. B. Cherry: I wish to ask Messrs. Montsinger and 
Doherty if, in their research, due consideration was given to the 
possible effects that varying degrees of humidity might have on 
the rise of temperature. It is readily seen, that even at high 
altitudes, equipment might be installed in basements or even 
under-ground enclosures where, with contributing sources of 
moisture, and under conditions of poor ventilation, sea-level 
conditions of humidity might prevail, and thus effect heat 
radiation. Do varying degrees of humidity seriously effect 
radiation? 
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H. M. Hobart: I want to speak in favor of Mr. Paxton’s 
proposition. This is a subject on which we have been working in 
the Standards Committee for a good many years but we have had 
to wait for Mr. Paxton to show us the simple and satisfactory 
way to deal with it. 

I don’t think that from Mr. Paxton’s brief presentation we 
would all be sufficiently impressed with its merits and I hope 
that it will be given the most careful study. 


There is one little matter that ought to be taken into account 
in actually working out the way in which Mr. Paxton’s plan 
should be assimilated into the standardization scheme, if it 
meets with the approval with which I hope it will meet, and that 
is that all these little refinements when we are able to figure them 
out to a nicety result in showing people how to work closer to the 
so-called approved limit. It comes within the ability of the 
operating engineers to load their machines for a larger part of the 
time up to those values that have been described as “‘approved”’ 
limits. Now when these limits were established, they were 
associated with conditions which practically ensured that the 
average temperature reached was 10, 15 or more degrees below 
the established limit. But when people are encouraged to take 
up this very interesting practise of adjusting the load, putting on 
more and more load until a limiting value is reached or 
approached, the deterioration of insulation is bound to be more 
rapid. The deterioration may still be quite slow, the machine 
may have a satisfactorily long life, but even though the life may 
be satisfactory, it is bound to be shorter than if it were running at 
a lower temperature. Maybe 105 deg. is too conservative or 
maybe it is just right, but whichever it is, the machine will 
have a shorter life with this new knowledge that we are getting, 
tempting us to approach limits, than when we kept further 
away from those limits, regarding them as sorts of danger signals. 
I don’t say there is any danger in approaching and staying at 
those limits; that is a point to be investigated but certainly it is a 
new and comparatively untried thing to operate machines in 
accordance with this new conception of the limiting values and 
it is bound to shorten their life. The life may still be entirely 
satisfactory but it can’t help being shorter as far as relates to 
insulation deterioration. I don’t believe insulation deterioration 
is often a factor determining the life of a machine. Other 
factors enter in determining when a machine should be thrown 
out and a new machine put in. Nevertheless, it is a fact if you 
have a scheme of things that makes you run 5 or 10 deg. higher 
temperature than you used to run, as far as the insulation is 
concerned, the life of the machine will be shorter, and that ought 
to be taken into account in working this scheme into the plan of 
things. If 105 deg. is the right limit with the old ideas, it ought 
to be reduced to 100; if 105 is already too conservative on the 
old ideas, it will probably be about right for the new basis. 

J. R. Craighead: I want to put in one little plea for sim- 
plicity in this rule. The feature I think that has been most 
satisfactory in the previous rules has been the fact that virtually 
there was no rule up to 1000 meters. That allowance was made 
as representing the general conditions under which apparatus 
satisfactory at sea Jevel would work reasonably well. 

Now Mr. Paxton’s rule as shown in Fig. 5 would require that 
for every foot advanced from sea level there is a definite change 
in the condition under which a customer can operate his ap- 
paratus. I think that is really impracticable. Whether the 
rules are made this way or not it will be necessary for the opera- 
tor, and to some extent the manufacturer, to base their work on 
the idea that there is a flat step at the start of the curve, a rise 
over which apparatus for sea level can be used without special 
investigation or separate temperature limit. And it would seem 
to me a very desirable thing that the Institute rules should be go 
worded or arranged that this flat step is taken care of in the rules. 
At the present time this is up to 1000 meters; possibly that is 
not the correct value for it, but some flat first step should be 
assumed, 
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E. B. Paxton: I would like to say in regard to the point 
Mr. Craighead made, that the correction up to 1000 meters 
would generally be so small it might be regarded as negligible in 
operating the machine, that is, no one who operates the machine 
is going to worry about whether ambient temperature is 36 deg. 
or 40 deg. 

What I am proposing is that this correction be applied as a 
matter of operating, as one of the service conditions which will 
affect the way the machine may be operated rather than to make 
it apply to the rating of the machine. F 

There is one further point I would like to make in that same 
connection and that is that there is a natural tendency for the 
temperature of the cooling air to be less at the higher altitudes. 
The weather bureau made the report that the temperature would 
probably decrease 514 deg. for every 1000 meters of altitude. 
Now just how much eredence should be given to that for the 
reason that machines are often operated inside, is a question, but 
I think very likely the inside temperature drop may be of a 
corresponding degree. 

N. S. Diamant (by letter): In Doherty and Carter’s paper 
the statement appears that the heat transmission by convection 
was practically unchanged when the surface was painted with 
aluminum. It would appear as if they imply free convection. 
Tf so, their results and their theory would seem to be in contradic- 
tion to the tests submitted several years ago by the late John R. 
Allen of the University of Michigan to the Society of Heating and 
Ventilating Engineers. Allen found that with aluminum paint 
the heat transmission by free convection of ordinary house radia- 
tors was reduced from 100 per cent for a bare unpainted cast-iron 
radiator to 75 per cent. The effect of other paints seemed to be 
on the same side, namely, there was a decrease in free convection 
for most paints that were tried. 

Tests I have made several years ago on the effect of paint on 
foreed convection agrees with that of the authors, namely, that 
the paint has no effect on forced convection. 

In connection with this subject it may be added that it has 
been found by Allen and other investigators that it is the last 
coat of paint that effects heat transmission by free convection. 

With reference to the effect of altitude on the cooling of 
dynamo electric machines of the rotating type or machines 
cooled by forced convection, some very interesting material 
will be found in the excellent work done by the Bureau of 
Standards on the cooling of airplane engines when flying in 
various altitudes. 

F. D. Newbury: I desire to discuss these two papers from the 
stand-point of their relation to the A. J. E. E. Standards. 
I have had the privilege of reading Mr. Paxton’s valuable dis- 
cussion, and wish to endorse his suggestion that the altitude 
correction in the Standards apply to the limiting value of cooling- 
air temperature rather than to temperature rise. The adoption 
of this suggestion would completely avoid the necessity for 
special machines designed for special temperature rises and 
places this question of altitude correction among service con- 
ditions where it properly belongs. 

The present Institute Standards, paragraph 2215, provide that 
no correction for altitude shall be made for altitudes of 1000 
meters and less. The data presented by Messrs. Doherty and 
Carter indicate that for rotating machines the correction at 
1000 meters would be in the neighborhood of 6 deg. with pro- 
portionately smaller corrections for lower altitudes. In spite of 
this maximum difference of about 6 deg. I believe the present 
provision that no correction for altitude be made except for 
altitudes above 1000 meters should be retained. This suggestion 
is made in the interest of simplicity, and because this rule has 
been well-established, not only in this country, but in practically 
all of the important manufacturing countries. The I. E. C. 
Rules for Electrical Machinery contain the following paragraph: 

““Altitude.—In the absence of any information in regard to 


the height above sea level at which the machines 1s intended to 
work in ordinary service, this height is assumed not to exceed 
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1000 meters. If the machine is intended to work at an altitude 
aoa moles: a eper onan to the temperature rise should be 
plied. e value for this correction h 
er tac. on has not yet been fixed by 
As an example of British practice, the British Standard 
Specification for Electrical Performance of Industrial Motors and 
Generators (No. 168 of 1923 maybe quoted :— 
“The Standard Ratings provided in this Specification are 
suitable for machines operating at altitudes not exceeding 3300 ft. 
above sea level. Machines for use at higher altitudes are dealt 


with in Clause 44. Machines intended for service at altitudes 
above 10,000 ft. are not considered standard.” 


(Clause 44.) “When a machine intended for service at high 
altitudes is tested near sea level, the limits of temperature rise 
given in Table I shall be reduced 114 per cent for each 1000 ft. 
above sea level at which the machine is intended to work in 
service. The correction shall not be appled for altitudes below 
3300 ft.” 

The German Rules (V. D. E. of 1923) apply to ‘Generators 
operating at an altitude of 1000 meters or less. Special agree- 
ment is necessary for higher altitudes.”’ 


As an example of French practice, the French Standards for 
Electrical Machinery produced, by the heavy-machinery manu- 
facturers and approved by I’Union des Syndiecats de |’ Electricite, 
July 22, 1920, contain a paragraph to the same effect as para- 
graph 2215 of the A. I. HE. E. Standards. 


It will be observed that the rule providing for no correction 
up to and including 1000 meters has been adopted by the I. E. C. 
and by four of the most important manufacturing countries. 
Any change of the A. I. E. E. Standards in this particular would 
indoubtedly be difficult to establish internationally, and we 
should differ from established international standards only when 
the importance of the matter is very great. 


From the standpoint of our every-day work, I believe the 
present rule providing for a correction only above 1000 meters 
should be retained. The great bulk of electrical apparatus is 
operated in locations having an altitude less than 2000 ft. (600 
meters). All of the eastern half of the United States (east of 
100 deg. longitude, passing through Texas, Oklahoma, Kansas, 
Nebraska, and the Dakotas), is less than 2000 ft. altitude, except 
for the higher ridges of the eastern mountains. The experi- 
mental data furnished by these two papers show that the cor- 
rection for 1000 meters amounts to a reduction of 4 deg. to 
6 deg. for various parts and types of rotating machines, apphed 
either to the guaranteed temperature rise, or, as proposed by 
Mr. Paxton, applied to the 40 deg. cooling-air temperature. 
Probably more than 95 per cent of the rotating machinery built 
in the United States is installed in locations having altitudes less 
than 2000 ft., for which the permissible cooling-air temperature 
would be reduced, according to the papers under discussion, only 
2 or 3 deg. For transformers, the reduction in permissible air 
temperature for altitudes less than 1000 meters would be less 
than 1 deg. If the proposal for a correction starting at sea-level 
were adopted, I am confident it would be a dead letter for the 
great majority of electrical apparatus tested. 

The data presented in these papers indicate that some change 
in the present correction should be made for altitudes sufficiently 
high to make the correction worth while. As J have indicated, I 
believe we should retain the present plan of no correction until 
1000 meters is exceeded. I believe also that we should adopt 
Mr. Paxton’s suggestion, and apply the altitude correction to the 
permissible cooling-air temperature, instead of to the guaranteed 
temperature rise, aS now provided for in the A.I.E. E 
Standards. In order to retain the present rule of no correction 
until 1000 meters is exceeded, and at the same time make the 
corrections for higher altitudes agree with the experimental data 
that has been presented, and further, to avoid odd and fractional 
values of limiting air temperatures, I suggest that the Standards 
contain a table of definite limiting cooling-air temperatures for 
various altitudes, instead of a general rule expressed either by a 
formula or by a curve. 
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The following statement is suggested: 
SERVICE CONDITIONS 


Usual Service Conditions. 

Temperature and Altitude.—Machines conforming with these 
standards shall be suitable for carrying their rated load, when 
the temperature of the cooling air does not exceed the values, at 
the corresponding altitudes, given below: 

Up to and including 1000 meters (3300 ft.) . . 
Above 1000 meters to and ineluding 1500 


40 deg. cent. 


TPE LETG a Riera eckere eis (GOO isso a 6ne 35 deg. cent. 
Above 1500 meters to and including 2000 

WACUEIR Sy oon ceedas 6 tho. Does (GGOORGS) ere ant 30 deg. cent. 
Above 2000 meters to and ineluding 38000 

WAOWT ye cro 5 oo on OOOOH) 5 use on 25 deg. cent. 


Above 3000 meters...... pera ince ah earns 
The corresponding values for  self-cooled 
would be: 
Up to and ineluding 1000 meters (3300 ft.) 
Above 1000 meters to and including 3000 
TMCUGES tee COL Ioe (MOO ice o6 oul 
Above SO0Ommeterstiness scutes «cra ote. 30 deg. cent. 


V. M. Montsinger: From the nature of these discussions it 
is not necessary to comment on the various methods proposed for 
incorporating the altitude correction in the Standards. This 
must be considered at some future meeting of the Standards 
Committee. 

In reference to Mr. Cherry’s question about the effect of 
humidity on the temperature rise, the following are the approxi- 
mate facts. : 

Humidity of course does not affect the loss of heat by radiation. 
The loss of heat by free convection is practically unaffected by 
the moisture unless the air is fog laden. The amount of water 
ordinarily in the air is so small even though the humidity is high 
that the effect is in the order of one per cent or less. The question 
of humidity has been considered but the conclusion was that for 
practical purposes it can be neglected. 

R. E. Doherty: The authors are gratified that the results 
outlined in their paper may prove useful as a basis for the revi- 
sion of the A. I. E. E. Rules relating to the subject. 

The principle on which Mr. Paxton’s plan is based is funda- 
tally sound, and the details of his plan are, in our opinion, the 
most promising that have been proposed. 

Mr. Montsinger has answered Mr. Cherry’s inquiry about 
humidity. 


20 deg. cent. 
transformers 


40 deg. cent. 
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UNDERGROUND ALTERNATING-CURRENT NETWORK 
DISTRIBUTION FOR CENTRAL STATION SYSTEMS! 
(KEHOR) 
GENERAL LIGHT AND POWER SUPPLY OF CHICAGO? 
(ARMBRUST AND JACKSON) 

A STUDY OF UNDERGROUND DISTRIBUTION SYS- 
TEMS FOR THE CITY OF NEW ORLEANS? 
(BULLARD) 

Curicago, Iuu., June 26, 1924 

E. R. Thomas: I[ would like to discuss a few things on the 
flicker problem which came up in Mr. Kehoe’s paper. In Fig. 6 
of his paper, there is a plot of some data that were collected on the 
flicker of incandescent lamps. This subject of lamp flicker dates 
back to the old problem of 25 versus 60 eyeles, or what minimum 
frequency can be used for lighting. In the study of that subject 
we are indebted primarily, I believe, to Messrs. Kennelly and 
Whiting for their thorough research on critical frequency, which 
was made with a specially arranged Bunsen photometer.‘ 

Fig. 1 herewith shows the results of their data and was primar- 


1. A.I.E.E.Journat, Vol. XLIII, June, p. 545. 

2. A.I.E.E. Journat, Vo. XULIII, July, p. 608. 

3. A.I, E. E, Journat, Vol. XLIIT, November, p. 1058. 

4. The Frequency of Flicker at which Variation of Illumination Vanish, 
Kennelly and Whiting, Trans. N. E. L. A., 1907, pp. 327. 


ily intended as discussion of frequency in regard to flicker. 


Now, we are probably more interested in the so-called dip or 


wink, that is if we are going to put both power and light on the 
same set of mains, what will the increments of starting currents 
do to our light? 

In connection with this, Messrs. Kennelly and Whiting have 
obtained some data of various ranges of flicker and plotted this 
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against light intensities. These are shown by the curves, 
D, E, F, and G, that is 44, 33, 7.5 and 3.5 per cent flicker in 
light intensities. 

Dr. H. E. Ives at the Bureau of Standards obtained some 
interesting data on flicker.> He used a rather unique method in 
studying voltage dip. This consisted in employing an alternator 
whose voltage and frequency could be varied, and superimposing 

5. Allowable Amplitudes and Frequencies of Voltage Fluctuation in 


Incandescent Lamp Works, H. E. Ives, Trans. Illumination Engineering 
Society, 1909, pp. 709. 
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this a-c. voltage on a d-c. voltage. The proportion of a-c 
voltage to d-c. voltage was varied to give a range from pure nee 
voltage to pure a-c. voltage. . 

Figure 2 is a replot on semi-log coordinates of Dr. Ives’ data 
on 25-watt tungsten lamps. You will notice that it gives a 
rather straight-line plot through the points. To this I have 
added a plot of the data collected by Mr. Kehoe, which appears 
in the lower left-hand corner. I believe that the reversal of 
these curves may probably be explained as depending on the 
physical reactions on the pupil of the eye attempting to adapt 
itself to a varying intensity of light. 

Figure 3 is merely a repetition of Fig. 2 showing some of Mr. 
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Messrs. Kennelly and Whiting have stated that this flicker 
meduenty ceases to be objectionable at less than 7.5 per cent. 
Their figures are all given in terms of illumination, while ours 
are in per cent of voltage fluctuation. The 7.5 per cent change 
in illumination corresponds to about 2.4 per cent voltage varia- 
tion on an ordinary Mazda lamp, thus checking our research 
fairly closely. 

J. E. B. Stuart, Jr.:_ The remarks I want to make concern 
a continuation of some of the arcing data taken in connection 


with Mr. Kehoe’s paper. ae esi 
bt a 


All of the data presented in the paper were taken with the idea 
of establishing a eritical-point curve, or something like that, but 
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Arcing Tests oN Leap-CovpRED CABLE 


These oscillograms show the voltage and current in arcs from sheath to copper of single-conductor cables. 
short-circuited by copper wire (or, in case of Film No. 23, by a nail driven through the sheath). 
The current through the arc is shown by V2. 


sheath and conductor. The voltage across the arc is shown by Vi. 
voltage. Further details on the respective tests are given in the following: 
Film No. 23—4/0 cable, 6/32 in. rubber. 
Maximum current, 11,000 amperes. 
Film No. 29—4/0 cable, 6/32 in. rubber. 


ends. Maximum current 555 amperes. The arc held twelve seconds. 


dying out of current and the consequential building up of voltage are clearly shown. 
Are started with two strands of No. 32 copper at one end. 


A rather unstable condition, which is characteristic of a number of the 


Film No. 35—500,000 cir. mil conductor, 20/32 in. paper. 
applied at other end. Maximum current, 294 amperes. 
but this arc held for twelve seconds. 


Films Nos. 6, 65, and 66—Three stages of an arc on 4/0, 6/32 in. rubber cable. 
Maximum current, 635 amperes. 
Film No. 6 shows the sputtering effect which is characteristic of sheath to copper 
Film No. 65 was taken a minute after the start of the arc. 
Film No. 66 was taken two minutes after the start and the arc is still persisting strongly. 


Voltage (2750 volts) was applied at the other end. 
two and one-half minutes. 
main out a few cycles and then reappear. 
again. 


Kehoe’s data plotted to a larger scale which bears out the same 
fundamental laws laid down by Messrs. Kennelly and Whiting. 
Some of the points brought out were: 

The smallest range of flicker which could be recognized with 
certainty was about 1.4 per cent variation inillumination. This 
would correspond to about 0.5 per cent variation in voltage, on an 
ordinary Mazda lamp, and is somewhat lower than any point 
which we were able to observe. 

Another point of interest from their data is that the most 
sensitive flicker frequency for small ranges of flicker is in the 
neighborhood of 21% eyeles. Our data shows this occurring at 


about 3% eyceles. 


Nail driven in the center of cable. 
Voltage wave increases gradually and current wave decreases gradually until the arc breaks. 
Are started at center with three strands of No. 18 copper. 
The duration of the arc at this voltage is not consistent. 


The conductor and the sheath were 
Sixty-cycle Voltage was then applied between 
V3 shows the 60-cycle timing 


Voltage (440 volts) applied at one end of copper and sheath. 


Voltage (1600 volts) applied at both 
In this test the 


Voltage (2750 volts) 
ares, is shown, 


The arc was started with two strands of No. 32 copper, at one end. 
The arc held until the switch was opened at the end of 
arcs. They go out sometimes, re- 
The arc appears to go out but then revives 


we soon decided that the results were too inconsistent for plotting 
curves of any accuracy, so after the paper was handed in we did a 
lot of test work, where it was known that the are would persist. 
We didn’t try to fix the persisting point accurately but just 
ran through a number of tests where we were either sure of 
getting a good are or none at all, and thus obtained roughly 
upper and lower limits I may say that as far as our results 
showed, the plot of the voltage and current seems to be a hyper- 
bolic function, but we have not done enough work to make sure 
of it. 

All of the tests taken in the beginning were made with the 
are from conductor to sheath, which is the condition usually met, 
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especially where a single-conductor cable is used. -We noticed a 
very peculiar action after a while. The lead sheath burned 
back much faster than either the conductor or the insulation and 
eventually this action tended to extinguish the arc, so we tried a 
few tests with copper-to-copper ares. I won’t deseribe the hook- 
up. It showed plainly that it is a much more persistent effect 
and much more dangerous when an are is once started. The 
burning back is uniform. The are is very uniform. The 
oscillograms show it too. 

In all we tested about two-hundred samples, and took over 
seventy oscillograms. I have picked out several of them as 
they are rather interesting and they are reproduced in the 
accompanying illustration. ; 

F.C. Hanker: Mr. Kehoe’s paper presented some interesting 
data on distribution systems, and it has been very reassuring as to 
the reliability of the network. There is one point in connection 
with the so-called universal system described, particularly in the 
voltages that may be selected. There has been considerable 
work on standardization of utilization voltages, as it is called, in 
which the voltage at the lamp or utilization device has been 
standardized at 115 volts with recognized departures at 110 and 
120. That standardization was satisfactory under past condi- 
tions as affecting motors and control as higher voltages were 
even multiples of the lamp voltage. 

With the three-phase, four-wire system, which is apparently 
the one most generally considered on the network, we have a 
factor which causes trouble on the motor and the control voltage 
in case the two lower voltages of the utilization device on single- 
phase is adopted. If you take the 110-volt standard the three- 
phase potential will be 190 volts, which is considerably less than 
the tolerance allowable on standard motors at say 220 volts or 
the control of the same voltage range or multiple. The 115- 
volt standard corresponds to 198 volts and the 120-volt to 208 
volts, which is more nearly the standard of the control and motor 
devices. 

The other difficulty is in connection with the single-phase 
utilization devices. In case you adopt 220 volts or slightly 
higher, it would be necessary to go to at least 125 volts, line to 
neutral to secure 220 volts on the delta. 

Any development or system that is adopted should take 
into consideration the total cost to the industry, because if you 
take an odd voltage, such as would result in the using of 110 
volts or 115 volts in a number of cases, there will be the additional 
expense of development and the possibility of trouble with 
existing devices. There probably would not be that difficulty 
where you come to systems that have conditions like New York, 
or some of the larger systems, where it is necessary that they 
maintain very close voltage regulation. If the system is generally 
used that condition would not always exist and we will have 
voltage drops that will bring us much below the guaranteed 
satisfactory operating condition on the standard equipment. 

Before there is a too general use of the new system, if it is 
generally adopted, there should be some agreement as to the 
voltages to be adopted in order to minimize as much as possible 
the additional expense that may be involved in the development 
of the new equipment for the different conditions. 

There are a great number of utilization devices in service now, 
and a great deal of difficulty caused in shifting from one town to 
another, or, in a number of cases, from one part of the city to 
another, in that the utilization devices are not generally applic- 
able to the wide voltage range. Some devices, such as the toaster 
stove and that class, are designed so that they have quite a wide 
voltage variation and still are satisfactory. Others, like the 
electric iron, waffle iron, and devices of that general type require 
rather a close voltage regulation, and at the present time it is 
necessary that we have two standards to meet the range that we 
encounter in different parts of the country. 


The lamp situation prior to the present standardization, I 
think, is sufficient warning to see the necessity for careful stand- 
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ardization and careful study of the voltages that will be used on 
the network system. Undoubtedly there is no question as to the 
economy from the distribution system itself. But when you 
take into consideration the other factors, it is quite necessary 
that considerable thought be given to voltage standardization. 

A. H. Sweetnam: In connection with Mr. Kehoe’s paper 
there has been considerable comment outside the meeting 
regarding the relative current demand of a standard three-phase 
motor wound for, we will say 220 volts, when operated at 220 
volts and at some lower voltage, such as 208 or 199 volts, sup- 
plied by a low-tension network. 

It follows, naturally, that a motor wound for 220 volts and 
operated at a lower voltage, other conditions being the same, 
will draw less excitation and greater load current. Tests which 
I have had made on several small three-phase squirrel-cage 
motors indicate an appreciable improvement in power factor 
when operated below rated voltage, but at the expense of lowered 
efficiency from approximately one-fourth to full load. I do not 
know that this condition will prevail with motors having char- 
acteristics differing from those tested, but it would appear 
to me that this question should be very carefully determined 
before giving consideration to the adoption of such a network 
scheme. The commercial aspect seems to have a great deal of 
bearing since, under the conditions stated, customers supplied 
from a network would be paying a premium by reason of the 
lowered efficiency of the equipment. 

R. A. Paine: I think Mr. Kehoe has taken a big step in 
advance in enabling central-station companies who have been 
burdened with a rather expensive d-e. system in order to main- 
tain the highest reliability of service, to decrease this expense, 
and I want to agree with one of the comments that Mr. Bullard 
made, 7. e., if you leave out the storage battery, I think we have 
a fair promise of getting as reliable service from the a-c. system 
as from the d-c. system. 

In connection with the arcing tests made by Mr. Kehoe, I 
think they are fundamentally sound and in agreement with 
theory. I think this is due to two reasons. One is that in the 
a-c. system, of course, the voltage goes through a zero point, and 
the other is that if you take a circuit and use d-e. on that circuit 
and then also use a-c. on the same circuit, you have, in addition 
to the resistance when you use a-c., reactance which will tend to 
lower the voltage across the gap and, therefore, tend to extinguish 
the are. One of the serious questions that has confronted most 
distribution engineers is: Is the a-c. 220-volt system going to 
be self-clearing as our d-e. systems always have been? 

With radial a-c. systems at the present time we have some- 
thing less than 0.1 per cent interruptions, and any device which 
will take care of that 0.1 per cent interruption must be very 
rugged. I do not believe that we have as yet had enough 
experience to tell what devices will be suitable from manhole 
use, as I believe all of Mr. Kehoe’s installations are made in 
vaults inside of buildings and from that point supply the outside 
underground system. 

As to the matter of the operation of 220-volt motors on say 
200 volts or 208 volts, I believe that the gain in power factor of 
operating these 220-volt motors at somewhat reduced voltage 
will in a large degree offset any loss of efficiency, as most motor 
installations are considerably overmotored. 

There is one thing, though, that must be done. We must 
maintain at the eustomer’s service the somewhat reduced voltage. 
We can not have any long shoestring secondary. 

Mr. Kehoe discussed the question of high-reactance trans- 
formers. It is absolutely essential in a network, using different 
sized transformers, that the reactance of the present distribution 
transformer be increased over its present 3 or 4 per cent, and it 
would seem somewhere between 7 and 10 per cent is the proper 
figure. 

However, if any company wishes to try an experimental 
network, we have recently made some studies which would 
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indicate that if you use an identical size of transformer through- 

out your network system, let us say you adopt a 50, 75 or 100 

ky-a. as your standard, using all of one size, you can operate a 
network satisfactorily. Of course, that would be only a transient 

condition, because you can not operate continually a growing 
network with only one size of transformer. 
| E. P. Peck: Mr. Kehoe’s paper, I think, brings out the first 
| solution of what now appears to be the coming method of sup- 
plying a-c. underground load. The handicap that the a-e. 
system had for years was that it could not stand on the same 
footing with the d-e. system in reliability. 

The United Company was, to my best knowledge, the first 
to put the a-c. subway system on a very reliable basis. The 
system that they deseribed, as well as the systems described in 
the next two papers, appealed to me very much, because they 
have done a thing which has been done time and time again in 
history in a number of lines. They have simplified the mechan- 
ism. Almost any development starts out with a complicated 
mechanism, which gets more complicated by adding devices to 
take care of different troubles that come up. Finally some one 
comes out with a very simple thing that either does not have all 
the troubles or else takes care of them in a very simple way. 
This applies, I think, particularly to the system deseribed by 
Mr. Bullard for New Orleans. 

One of the questions that oeeurred to me in connection with the 
New Orleans system particularly, although it applies also to the 
system proposed for Chicago if I understand it correctly, in 
which you have high-voltage feeders; 11,000, 12,000, or 13,200 
volts supplying high-reactanee transformers directly and from 
there into a network, is: What will the regulation be all over 
that network? This applies also to Mr. Kehoe’s paper where the 
voltage is lower. The 10 per cent reactance transformer has 
quite a high drop, particularly where it carries motor load. The 
primary voltage will undoubtedly be well sustained, but how will 
the secondary voltage behave under all conditions of starting 
motors and other load variations? 


The self-protection feature which is referred to in Mr. Kehoe’s 
paper is, as far as I ean recall, the first analysis of a thing that 
a good many have recognized in a general way. Personally, I 
will have to admit that I was very much surprised to find that 
ares were self-extinguishing on voltages as high as this paper 
shows, particularly with quite high currents. However, there is 
still a question as to just what will happen in case of the high 
concentrations of energy that will occur on these large systems, 
also a question as to what will happen in terminal boxes, at lugs 
and things of that kind. 

H. W. Smith: These papers contain a valuable contribution 
to the art of electrical distribution. During the past five or ten 
years, there has been intensive development in the field of large 
generating stations, high-voltage transmission, and the use of 
automatic switching equipment for substations. The best 
talent in the industry has been employed on these problems with 
the result that tremendous strides have been made. There is, 
however, a growing realization of the fact that the total invest- 
ment in the distribution system is greater than in generating 
and substations, and that great economies can be obtained by 
applying the same grade of engineering talent to study the prob- 
lems of distribution. 

In many large cities, the Edison three-wire system has been 
the accepted standard for distribution in the underground section. 
The Edison system, backed up as it generally is with large 
storage-battery reserve, has proved extremely reliable. How- 
ever, the cost of distribution is much greater than for alternating 
current, and there is a general tendency in most cities towards 
the restriction of the Edison d-c. load, and in some Gases studies 
h4ve been made towards replacement of the Edison d-e. by an 
a-c. system. 

In studying the a-c. distribution system with a view to making 
it more reliable, a very valuable contribution has been made by 


Mr. Kehoe, and his paper clearly indicates the lines under which 
he has been working. 

In considering this subject, I wish to call attention to some 
avluable papers which have been written on this subject. At the 
lst Convention of the Association of Edison Iluminating Com- 
panies in October 1922, Mr. W. C. Eglin, Vice President and 
Chief Engineer of the Philadelphia Electric Company, presented 
a paper on the “Future Development of Distribution Systems.” 
This paper deals with the general economies of the distribution 
problem, and recommends a three-phase, four-wire, secondary 
distribution system. It is pointed out that the ideal system for 
general distribution at lighting voltage must comply with several 
requirements: 

(1) It must be polyphase to permit the operation of motors. 

(2) It must be a symmetrical polyphase system. 

(3) The voltages available must be suitable for both light 
and power requirements. 

(4) One conductor must be a neutral which ean be grounded 
in such a way as to limit the voltage of all other conductors to 
ground to a value below 150 volts. 

A three-phase, four-wire system is recommended, the only 
drawback being its adaptation to the present normal voltages of 
lighting and power apparatus. 

In studying the general system, the economies of the whole 
industry should be considered, and any system which covers 
special apparatus should, if possible, be restricted. If it is 
necessary to carry two lines of motors or appliances, it will place a 
burden on the industry as a whole. 

The use of a three-phase, four-wire secondary system with 
grounded neutral will require changes in standard control equip- 
ment as three overload relays will be necessary to give complete 
protection. Also in the case of low voltages, certain changes 
may be necessary in the design of holding coils of contactors. 

The distribution system should be laid out so that the standard 
squirrel-cage motors can be used as far as possible with standard 
control equipment. 

The automatic network switch mentioned in these two papers 
will be built in the following sizes—250, 500, 800 and 1200 
amperes. 

It will be of great advantage to the industry if in the develop- 
ment of the a-c. network, the requirements can be met with as 
standard apparatus as possible. In other parts of the world, 
there are three-phase, four-wire systems, 200-350, 220-380 and 
240-415 volts, and it is to be hoped that this condition will not 
obtain here. 

Another contribution to this subject was made in a paper 
by Mr. M. T. Crawford, entitled “Alternating Current Under- 
ground Distribution” presented at the 41st Convention of the 
Association ‘of Edison Iluminating Companies, 1922. This 
system which is used in Seattle, parallels all distribution trans- 
formers on the secondary mains with primary connections on 
alternate feeders and with oil circuit breakers installed in the 
secondary of each transformer, which are equipped with power 
directional relays operative on a reversal of power flow equal to or 
greater than 150 per cent of the transformer capacity. These 
switches are not automatically reclosing. 

H. A. Stanley: I want to speak more particularly about 
Mr. Bullard’s paper. He has a fine paper and is starting out to 
accomplish a very desirable end, but I would like to indicate two 
or three points where I think he may perhaps get into trouble; 
two or three difficulties, perhaps, inherent in the proposed 
system. 

If you distribute lighting and power from the same set of 
mains, you must provide regulating capacity for the total power 
load as well as the lighting load, which introduces somewhat of an 
economie waste. I think I foresee possible difficulties in rate 
making. Rates are ordinarily differentiated in regard to in- 
vestment, but you have here the same investment for both power 
and lighting and you have only the load factor differential left 
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to take into account in making a power rate below the lighting 
schedule. 

Mr. Sweetnam has noted a point in reference to power-factor 
—improved power factor of the motor load benefiting the central 
station but the customer paying for it. Speaking from the 
viewpoint of a smaller company, and this perhaps would not 
apply to a large company; it seems to me the lower voltage on 
the motors is going to lead to a further difficulty. It would be 
difficult for the smaller company to maintain (already too low) 
constant voltage. Two hundred volts at no load leaves no 
leeway for voltage fluctuations with load. The comment of the 
motor manufacturers on this point should be of interest. If you 
are starting from zero and building a new company and your 
customer has not become accustomed to good voltage, that is 
one thing, but the customer who has become accustomed to it 
will not take readily to the lower voltage. 


It seems to me the system lends itself somewhat to the theft of 
current and more than ordinary precautions will have to be 
taken in metering. 

Now, there may be a few possible difficulties in apparatus 
details. It strikes me that the network protective device does 
not lend itself readily to manhole installation, at least in the 
present state of the art; there are some major difficulties to be 
overcome in perfecting the device for that purpose. 

Another point I think is important if I correctly interpret 
Mr. Bullard’s paper. To work on a 18,000-volt feeder, it 
obviously must be dead. The theory appears to be to operate 
the feeder switch at the substation and the automatic devices 
will function at the far end of the feeder. On a feeder of this 
size there will be from ten to twenty-five network switches. 
How are you going to protect the cable splicer? On the usual 
theory of disconnecting switches it would be necessary to have 
two breaks in series at each possible point where the cable could 
be engerized. I should hardly suppose you could depend on the 
network switch for protection of human life. Are disconnecting 
switches in the program and will you send a man around to open 
them at twenty or thirty-points before doing maintenance work? 


W. L. Abbott: I remember conventions thirty years ago 
where the lion and the lamb of a-c. and d-c. did not concert so 
harmoniously as they have in this meeting. It was conceded 
as a great victory for the a-c. school when d-e. systems were fed 
from a-c. generators in transmission lines. 

With that combination of the two, it was thought the ideal 
system had been evolved, but now take a glance at the situation 
here in the Loop in Chicago, where Mr. Armbrust pointed out we 
have now a load of 75,000 kw. per square mile, and are contem- 
plating a load of 200,000 kw. within twenty years, and, of course, 
it won’t stop at the end of twenty years. 


How are we going to distribute that load? In fact, how are we 
going to transform it? Substations are not altogether desir- 
able, and space for substations is not readily available, and itis a 
growing problem to find locations where these substations may 
be placed sufficiently near together in such a congested territory 
as the Chicago Loop district. 

Then, there is the other problem of distributing this power 
through the streets. If you could see a cross-section of the 
downtown streets of Chicago, you would wonder where the next 
main is going to get in at all. The street is full from the surface 
ten feet down. True, more space could be made available if all 
of these underground structures could be taken out and re- 
arranged, but they are crisscrossed and with huge manholes and 
sewer openings which have just about reached the limit of 
capacity. Then, again, the heat evolved by these d-c. distribu- 
tion lines is very considerable, and any greater congestion of 
those lines is going to be a serious matter. 

We will have to get more power and have more power dis- 
tributed in the Loop than we have now. It can not be done 
much longer by adding more copper in our distribution. It 
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will have to be done at higher voltage, and the last transforma- 
tion must be made in the building which is to be served. 

That is the problem which is approaching. 

R. B. Mateer (by letter): In many of our cities accepted 
primary distribution voltages are 2400 and 4000, while trans- 
mission potentials over cables linking generating and distributing 
substation range from 6000 to 13,200 volts, and any step forward 
which will limit the investment in or eliminate the use of dis- 
tributing substation is commendable. 

It is suggested, however, that in all inter-connected network 
the transformers should be of a uniform or standard size and as 
far as possible evenly spaced. Such practice will not only be a 
step forward in our efforts at standardization, but will materially 
assist in uniform loading of the step-down equipment. 

A.H. Kehoe: The discussions have indicated the importance 
of keeping standard equipment throughout the entire electrical 
supply system, including the utilization devices. The adoption 
of three-phase, four-wire combined light and power services 
having a reduced voltage for motor operation, is sometimes 
considered as making it necessary to adopt an additional line of 
motors having a lower voltage rating than is at present the 
standard. On a large number of electrical supply systems, 
motors are operating at reduced voltage due to the low power 
factor current supplied through small sizes of isolated trans- 
formers. The adoption of a three-phase, four-wire supply is for 
the purpose of supplying lighting service from combined mains, 
and there is no reason to use this system, except at locations 
where satisfactory lighting service can be obtained. Therefore 
polyphase voltage when used for motors will not be below the 
amount now regularly found in practice. 

I doubt if for typical motors the average loading condition 
makes for lower efficiency. Generally there is an improvement 
in efficiency due to the reduced voltage, up to about three- 
quarters load on the motor, which is probably above the average 
loading of motors. Beeause of the large number of motors now 
operating at reduced voltage I doubt if the efficiency will be 
changed by the adoption of three-phase, four-wire systems. 


Regulation due to transformer reactance is accomplished with 
automatic regulators in each supply feeder. The division of 
current is so nearly uniform that the regulation between any 
two points in the network depends upon the drop in the second- 
ary mains, as the automatic regulating equipment will maintain 
a constant voltage at the low-voltage supply points to the mains. 

It is important in designing a reliable network to omit any 
type of equipment in which faults may develop which will not 
clear themselves. The concentration of current at any point 
where trouble ean occur is usually well below the values indicated 
in my paper, and there should be no necessity of exceeding these 
to meet any conditions which are likely to arise in the next 
few years. 

In presenting distribution-system designs, uniform and stand- 
ard connections of network cables and locations for distribution 
transformers are assumed. In actual service however, it is 
inevitable in many locations to have concentrated loads which 
are as large as the entire remaining load in the immediate vicinity. 
In such eases the center of distribution of the particular district 
is not at the existing intersections of the mains, but is at the 
particular concentrated load. The economical design will then 
not allow the adoption of a single size of distribution transformer 
and a standard transformer location throughout the entire 
system. This condition results in the network of street mains 
being of smaller capacity than would otherwise be the case to 
supply load. There results a lack of uniformity and standardiza- 
tion of equipment which however does not make it any more 
difficult to obtain uniform loading of distribution transformers, 
if indicated design is used. 


Concerning protection of cable splicers, in many districts one 
non-automatice break is considered sufficient, and two breaks in 
series have been used with one—an automatic oil cireuit breaker. 


a 
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With these network units open, and the high-voltage supply 
grounded, it is impossible to have the switch function automatic- 
ally as its closing energy is obtained from the supply side of the 
‘switch. If one of these switches is closed manually with the 
high-voltage cable grounded in the immediate vicinity of work- 
men, the condition will be similar to closing a knife disconnect- 
ing switch on a grounded feeder, except that the fuse protection 
at the network switch will clear the backfeed. 

W. R. Bullard: The question of the selection of service 
voltage of the three-phase four-wire system, so as to satisfy as 
nearly as possible existing voltage standards, is one that has 
received a lot of attention by various engineers. One of the 
schemes which was given some consideration for use in New 
Orleans would utilize 400 volts as the delta voltage giving 230 
volts between each line and neutral. In this case autotrans- 
formers would be connected between line and neutral at lighting 
services in order to obtain a neutral for the usual three-wire 
115/230-volt system. Existing motors, which are connected 
delta, could be reconnected Y and operated without further 
change on the 400-volt system. This proposal has the advan- 
_ tage of a saving in copper of the low-voltage mains due to the 
higher voltage. However, in this case it was found that the 
cost of the autotransformers and losses therein would more than 
offset any saving in losses and cost of the secondary mains. 

In this connection I would refer to a point which was brought 
out in my paper; namely, that once the size of the secondary 
mains and the corresponding capacity of distribution transformer 
installations is established, these secondary mains will continue 
to serve the load indefinitely with practically the same copper 
losses, regardless of what the growth of load may be. Low- 
voltage mains therefore continue in a more or less fixed physical 
state after they are once installed. On the other hand the 
connected capacity of autotransformers in a 400-volt system 
would continue to grow with the growth of load and their cost 
would some day out+strip the cost of the low-voltage mains, 
regardless of any economy which might be secured by the use of 
a higher voltage system at the start. Furthermore, I believe 
it has been brought out in Mr. Kehoe’s paper that the 400-volt 
system would not be able to burn off short circuits with the same 
facility that the 200-volt system will. 

It is somewhat unfortunate for the three-phase four-wire 
system that the present standards for lighting and power voltage 
are just what they are, but in selecting the voltages to use on 
this system it would seem that an out-and-out compromise 
effecting both types of service would have some serious disad- 
vantages. The use of 120 volts for lighting, for instance, would 
give a somewhat higher voltage for power than the use of 115 
volts, but the resulting voltage would still be non-standard for 
motors and the lighting voltage in this case would not be the 
preferred standard. Time alone will tell just what the trend of 
standardization will be. However, in the meantime we have 
selected what seemed to us to be the most desirable arrangement 
in view of the present standards. 

I might also mention that while we expect to supply the 
customers at the start with 115/200 volts, we are buying trans- 
formers rated at 120 volts. This will reduce the duty on regula- 
tors at heavy loads and will enable a change to 120 volts to be 
made without difficulty if it is ever found to be desirable. 

In regard to Mr. Stanley’s point concerning the difficulty of 
adjusting rates of power and lighting service to meet the com- 
bined power and lighting system, I feel that the rates should be 
treated as secondary to the economics of the problem rather 
than modify the economics by using a more costly system in 
order to satisfy existing rates. Furthermore, common facilities 
for the power and lighting loads are usually provided in the 
generating station and are also provided from that point at least 
to some point in the substation. It is therefore rather difficult 
to see why the same principle should not be extended to the 
remainder of the distribution system as far as rates are 


concerned. 
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Referring to Mr. Stanley’s point concerning the additional 
cost of regulator capacity to regulate the power load I feel that 
the case must be an exceptional one indeed where it can be shown 
to be more economical to provide separate facilities and regulate 
only the lighting load. If the reference is to station regulators 
this type of equipment represents a small part of the cost of the 
whole system, and any saving of regulator capacity will, I be- 
lieve, at least for New Orleans be much more than offset by the 
additional cost for duplicate primary cables which would be 
necessary to serve unregulated power loads. 


I failed to mention in my paper the method of protection to 
workmen which we expect to use in case work is to be done on 
primary cables or on transformers. The procedure in this case 
will he first,—to kill the primary feeder by opening the switch 
at the generating station and 

Second,—to ground and short cireuit the primary cables in the 
generating station and also at one or two points external to the 
station, points being selected for this purpose which will offer 
most effective protection, and permanent facilities for grounding 
and short cireuiting being provided at these points. 


EQUIVALENT ff SINGLE-PHASE NETWORKS FOR 
CALCULATING SHORT-CIRCUIT CURRENTS DUE TO 
GROUNDS ON THREE-PHASE STAR GROUNDED 
SYSTEMS- 
(SHETZLINE) 
Curcago, Iuu., June 26, 1924 
H. M. Trueblood: The question of the degree of precision 
worth while in estimating short-cireuit currents in power net- 
works presents itself as of immediate importance as soon as 
consideration of the problem of the inductive effects of these 
currents in exposed communication circuits is undertaken; for 
it is necessary only to glance over a single-line diagram of a large 
modern power system to realize that an exact calculation of the 
distribution of residual current due to an arbitrarily located 
fault to ground will be a lengthy, difficult and expensive 
proceeding. 


Certain factors tend toward the conclusion that a compara- 
tively low order of precision is all that can be justified. Among 
these are the matter of the impedance of the fault itself, and the 
uncertainty introduced into the calculated induction due to 
lack of knowledge of the distribution of current in the earth. 
As to the first of these, it is usually essential to know what 
maximum effects may be expected. From this point of view, the 
impedance of the fault may be neglected, because on practically 
any system faults to ground can oceur having impedances 
negligible compared to the other impedances involved. 

Regarding the distribution of current in the earth, it is known 
from tests that this is very different in different localities. 
Where there is no information on this point, a large uncertainty 
is introduced into the caleulated induction for parallels of mod- 
erate or wide separations, although the uncertainty regarding 
the magnitude of the short-cireuit current itself due to this 
cause is of a much smaller order, probably never over 15 per cent. 
However, I do not think this uncertainty is of much importance 
as an argument for limiting an otherwise desirable precision in 
estimates of short-circuit current. In important cases, the 
effect of the distribution of the earth current can always be 
determined by tests, and it is reasonable to expect that as time 
goes on, general information regarding this important factor in 
different localities will be collected. Cases occur, of course, 
in which estimates of induction of a rather rough character 
suffice, as when it is known that the induced voltages will be 
small. However, in cases in which the induced voltages will be 
large, even where they are well beyond tolerable magnitudes, 
fairly precise estimates are usually necessary, since it is generally 


desirable to determine what reductions in the magnitude of the 
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residual current might be effected by possible changes in the 
power system. 

From such considerations as these, it has seemed desirable to 
some of us who have been studying the problem of low-frequency 
induction in telephone circuits, to have a method of estimating 
power-system short-circuit currents, accurate, let us say, to 
10 or 15 per cent., and capable of application to fairly complicated 
networks. Fortunately for us, the problem is one of so much 
importance in the operation of power systems that it has re- 
ceived a great deal of attention from power engineers, and our 
work upon it has benefited greatly from a study of the valuable 
and ingenious methods of attack which have been devised by 
these engineers and which are referred to in Mr. Shetzline’s 
paper, 

While the time and labor for a rigorous solution are greatly 
reduced by the methods suggested by Mr. Shetzline (he has 
stated, for instance, that only about 10 hours‘ work was neces- 
sary to obtain the solution of the illustrative example given in 
his paper), the amount of computation necessary would, never- 
theless, in some cases still be excessive. Two general possibilities 
for bringing the labor involved in such eases within bounds have 
received attention. The first of these involves a judicious 
simplification of the network, and this usually means also a 
combination of the method of the paper and the “equivalent 
single-phase”? method, an eye being kept throughout the work 
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on the matter of what short circuit locations are important, 
what currents it is necessary to know accurately and what 
currents are unimportant. These questions, of course, are 
directly related to the location of exposures. 

In the accompanying diagrams and in the tabulated numerical 
results, Mr. Shetzline’s illustrative example is carried further, in 
order to illustrate the application of this process of simplification. 
It is assumed that only two currents are desired—those to the 
right (72) and the left (71) of the fault. Fig. 1 herewith is the 
simplified network, derived from Fig. 9 of Mr. Shetzline’s paper 
by consolidating the 6.5-ohm generating station and the 4.6-ohm 
line to the right of it into the single 11.1-ohm impedance shown 
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at the right in Fig. 1, and by suppressing certain branches of the 
network completely. In a process of this sort, one is guided by a 
consideration of the relative magnitudes of the self and mutual 
impedances, and their positions in the network with reference 
to the branch carrying the desired current. Fig. 2 illustrates 
the “equivalent single-phase method.” As the table shows, the 
simplified method gives results within 4 or 5 per cent of the 
correct values, whereas the single-phase method gives one result 
which is only about one-third of the correet value. The work 
involved in applying the method of Fig. 1 is only a little greater 
than that of the single-phase method. 

The solution just discussed is satisfactory for the purpose of 
determining the currents J; and J», which alone we have supposed 
to be of interest in this case. It would not, however, be ade- 
quate to the demands of an engineer whose job it is to determine 
relay settings for the system. This brings me to the second 
possibility, which is that of reproducing in miniature the equiva- 
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lent network of the system worked out according to Mr. 


Shetzline’s paper, and obtaining a desired current distribution 
by direct readings on ammeters. This scheme, of course, sug- 
gests itself at once to any one acquainted with the use of eal- 
culating tables by power companies and with the papers by 
power engineers on this subject. The difficulties in setting up a 
miniature network, using direct current (and thus assuming a 
common phase angle for all impedances), are encountered in 
connection with the mutual impedances which it is necessary to 
use at certain places in Mr. Shetzline’s equivalent networks. 
Aside from this, the network is, of course, simpler than the three- 
wire network, since it has only two wires. I am not prepared 
to say that in all cases it will be found possible to represent the 
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Fig. 2 


mutual impedances correctly, although so far,in our considera- 
tion of the question, we have found no eases in which it could 
not be done. 


The adjoining Figs. 3 and 4 illustrate arrangements for repre- 
senting the mutual impedance M of Fig. 7 of Mr. Shetzline’s 
paper. The transformer ratio is taken as unity, for simplicity. 
The resistance R and R’ in Fig. 3 are adjusted until the two 
currents marked J are equal, and until the two currents marked 
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I, are equal. The battery B may have any suitable voltage. 
When this adjustment has been made, and the other impedances 
have the indicated values, the d-c. miniature network correctly 
reproduces the network of Mr. Shetzline’s Figures 2 and 8, of 
course under the assumption that all impedances have a common 
phase angle. This may be verified by calculating the voltage 
drops around the two paths from the network terminal of the 
battery V, to the ground common to the two impedances Ligmilenns 
It will be found that the results are the same as in Mr. Shetz- 
line’s equations (4) and (8). 

Fig. 4 is merely to show how to proceed in case the impedances 
(resistances) Z, —lzm of Fig. 3 should be negative. lz» being 
greater then Z,, it will be seen that by proper choice of the factor 
N (the ratio of the currents in the resistances R’ and R to the 
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currents to the right and left of the fault, respectively), the 


remaining resistances may be made positive. The correctness of 


the construction may be verified as in the other ease. 

R. D. Evans (by letter): Mr. Shetzline in his paper has 
presented an ingenious solution of a complicated problem and 
without doubt his solution is essentially correct. 


i. In reviewing the paper I do not find that different effective 
impedances of machines when carrying single-phase loads and 
when carrying the balanced polyphase loads have been assumed. 
However, the method presented in the paper is a general one and 
may readily be modified to meet this condition, it being neces- 
sary only to determine new values for machine impedances. 
There appears to be a typographical error in connection with 
the illustrative example. One would expect that the 13,500-kv-a. 
transformer at Station B would supply a relatively large residual 
current. For this reason it would appear that the residual 
current flowing from Station B to Station A should be eonsider- 
ably less than the value of 350 amperes given in the last table. 
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It has been our practice to solve single-phase short-circuit 


_ problems by the use of ‘“‘phase-sequence quantities.”” Our 


method is an application of the general method developed by 


C. L. Fortescue? for the solution of unbalanced-polyphase- 


circuit problems. This method has been developed particularly 
for the solution of the various power-circuit problems and pos- 
sesses a number of advantages, some of which will be mentioned. 
The phase-sequence method of calculation may be arranged so 
that steps used in the solution of line-to-ground short circuits 
may also be used to solve the other types of short circuits, 
namely, the three-phase short circuit and the single-phase 
line-to-line short circuit. A further advantage of this method is 
in the ease of application to calculating boards, because the 
complications of inductive coupling between branches, mentioned 
during the discussion, are avoided. It is my intention to pub- 
lish, in the near future, an article describing this method and 
when this has been done, the relative merits of the two methods 


for the calculation of the various problems may be determined. 


In closing, I wish to emphasize the great advantage which, in my 
opinion, resides in the phase-sequence method from the analytical 
point of view in giving adequate conceptions of unbalanced- 
circuit conditions. 

R. A. Shetzline: Mr. Evans has correctly pointed out that 
the impedances designated Z, and Z1 should be those for the 
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proper current distribution in the machines, and also that this 
matter may be taken care of without difficulty and without 
impairment of the generality of the method. 

Mr. Evans’ reference to a typographical error is probably due 
to a misunderstanding regarding the line to which the 13,500- 
kv-a. transformers at station B are connected. From his 
statements, I presume that he believes them to be directly con- 
nected to the 44-ky. line. However, the transformers are metal- 
lieally separated from the 44-kv. line by the 27,000-kv-a. bank 
of delta-delta transformers. Accordingly, the residual current 
in the section fault to station B will also be that in the section 
station B to station A. 


Mr. Evans has stated that the phase-sequence method of 
calculation may be used to determine three-phase short-circuit 
and single-phase line-to-line short-circuit currents, in addition 
to single-phase line-to-ground short-circuit currents. Three- 
phase short-circuit currents are readily determined on a single- 
phase basis by well known methods and present no difficulties. 
As regards the calculation of single-phase line-to-line short- 
circuit currents, I wish to state that the substitution of equiva- 
lent networks and ofa single fictitious generator is applicable to 
this case also, with corresponding results as regards simplicity 
of solution. 


STANDARDIZATION IN CONSTRUCTION AND OPERA- 
TION AS APPLIED TO LIGHT AND POWER COMPANIES! 
(SINDEBAND) 

Cuicago, ILx., JuNE 26, 1924 

E. P. Peck: In connection with Mr. Sindeband’s paper, the 
plan, as a whole, is unquestionably right. The details will 
vary as time goeson. The main thing in a plan of that kind is to 
be sure that your standards are workable and that there are no 
unworkable theoretical ideas that some one happens to have 
put into them. I foresee that he is going to have a good deal of 
trouble with specialty salesmen. As soon as you standardize 
and decide to use one man’s equipment, every manufacturer of 
specialties in the country will concentrate on you to have you 
change over and use his specialty. 


DIELECTRIC FIELD IN AN ELECTRIC POWER 
CABLE—IP 
(ATKINSON) 
POTENTIAL GRADIENT AND FLUX DENSITY? 
(DouGias AND KANE) 

D. M. Simons: The paper by Messrs. Douglas and Kane is 
of great interest and I think their method can be applied to cable 
work advantageously. > 

They have possibly been more interested in the method than 
in the results of their test, and have so stated. One of their 
results in regard to cables might cause a slight confusion. 
Referring to Fig. 3, they mention in the text that they have 
discovered that the point of maximum stress in their three- 
conductor cable model was at the surface of the conductor and at 
the point nearest to the outer sheath, while most observers have 
found it toward the center of the cable. Mr. Atkinson has 
pointed out in his previous paper that the stress toward the 
sheath depends not only on the conductor insulation but also on 
the belt insulation and that if the thickness of the belt is reduced, 
the maximum stress swings around from the center or axis of the 
cable to the direction of the sheath. As far as I can tell from 
rough measurements of Fig. 2, the authors have apparently 
dealt with a cable which had all the insulation on the conductors, 
and no belt insulation. Their experimental results are therefore 
eorrect, but they do not disprove, and I am sure do not intend to 
disprove, the general statement that in practice cables normally 
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having an appreciable thickness of belt, the maximum stress is 
toward the center or axis of the cable. 

H. Halperin: In regard to Mr. Atkinson’s paper, it has been 
our experience in test and service failures that a large percentage 
of the failures in three-conductor, 33-kv., sector cables were at 
the outer corners of the sectors. According to the author, the 
maximum dielectric stress is at these corners. 

E. W. Kane: In regard to Mr. Simons’ remarks in relation to 
Fig. 2, he is correct in stating that in our particular test we made 
no belt insulation, and we agree with his conclusion, and refer- 
ring to Fig. 3 we may note that the part of the curve will be lower 
at the right-hand side when the belt insulation is used. 

In regard to Mr. Atkinson’s paper on the gradient in three- 
phase eables, it is perhaps ungracious to attack the accuracy of 
his results on the basis of a single test: however, a theoretical 
point of some importance in involved. The electrostatic field 
in any three-phase cable is, in certain places a pulsating field, 
but in other places it is a rotating electrostatic field. 

In Fig. 1 at the left, is shown the field at an instant when the 
charge on the conductor 1 is a maximum, the field shown at the 
right is ninety degrees time phase later, when the charge on con- 
duetor 1 is zero. 

Consider the field at the point P at the instant of time shown 
in the left-hand figure, the field is upward, to the left and rather 
small. At the instant of time phase shown in the right-hand 
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figure, the field is nearly horizontal and much larger. At other 
instants of time these components are present in different de- 
grees. The elipse in the center shows the locus of the force F at 
the point P at various intervals of time. It is a rotating electro- 
static field. 

The electrodes measuring maximum gradient should be ori- 
ented along the axis of macimum F, that is Fm and not radially 
to the conductor. At the surface of the conductor the field is 
always radial and there is no criticism of Mr. Atkinson’s results 
here. We contend merely that our method has advantages in 
the line of speed for these conditions. 

A three-phase field can be split up in two single-phase fields 
which can be combined geometrically at all points and algebra- 
ically where they are in the same direction, as at the conductor 
surface. 

R. W. Atkinson: I am going to refer to the paper of Messrs. 
Douglas and Kane wherein they refer to some of my work. 
They speak of the fact that the field is not radial at all points. 
Just in a word, the point that they make does not affeet the 
accuracy of the data which has been given. It is possible for 
stress to be greater in some other direction. The stress, though, 
has all been given in either radial stress at the surface of the 
conductor which is correct as given, or it has been given as stress 
at some other part of the insulation and in a certain direction. 
Usually the radial stress approaches very nearly the maximum 
stress that can exist at a point in any direction. 
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SOME NOTES ON STREET LIGHTING! 
(MILLAR) 
Curcago, Inu., JunE 27, 1924 

L. A. S. Wood: Mr. Millar has preached the gospel of 
moderation, and, while I subscribe to that doctrine, it is rather 
difficult to determine just where moderation ends and 
intemperance begins. 

I hope that Mr. Millar’s remarks regarding low intensities with 
diversified illumination will not be taken as his reeommendations 
for modern street-lighting practice. In another part of his 
paper he refers to the desirability of high intensities with uniform 
illumination, provided such can be obtained without undue 
glare, and this, in my opinion, is the best kind of illumination 
suitable for modern traffic conditions. 

The tables on the last page showing the tendency of modern 
street-lighting practice toward higher intensities are very inter- 
esting, and it is gratifying to note that the standards set by the 
City of St. Louis are so very much higher than the standards 
prevalent in 1916. I feel, however, that there is still a very 
wide margin for increased intensities of illumination before we 
get out of the range of moderation. 


Mr. Millar refers to the control of light by prismatic refractors 
and the possibilities of directing the light flux in such a manner as 
to build up the illumination between units ta higher intensities 
than could be obtained without such control. In this connection, 
I would like to refer to a prismatic refractor which was presented 
at the Illuminating Engineering Society last fall. This refractor 
bends part of the light flux from the direction of the property 
line and adds it to the light flux in the directions “‘up and down” 
the street producing unsymmetrical or what is sometimes called 
“asymmetrical distribution.’’ I believe that the tendency from 
now on will be the direction of asymmetrical distribution as 
compared to symmetrical distribution for street illumination. 


F. C. Caldwell: I would particularly emphasize the diffi- 
culty experienced in laying down practicable specifications for 
good street lighting. This is, of course, especially true where, 
with high-intensity lighting, the elements of aesthetic effect and 
of making the street a pleasant place in which to walk or ride are 
important factors. Probably an adequate illumination of the 
building fronts as well as of the pavement should be included in 
such specifications and perhaps information on the foot-candle 
intensities needed for this purpose may become available. 
Indeed I hope we may make a small beginning along this line in 
connection with the Columbus demonstrations. 

Apropos of this type of lighting, I am not quite so sure as 
Mr. Millar seems to be, about the place of the refractor. With 
him I would question whether any refractor now available is 
suited to this case, but might not one be made that would give 
just the illumination desired. While a rather uneven or spotted 
illumination on the pavement is not objectionable, should not the 
illumination on the buildings be as uniform as practicable. 
Would it not be in order then to design a refractor which would 
redirect that part of the light, perhaps 30 to 40 per cent, which 
now falls upon the adjacent buildings, on the same side of the 
street. This makes a bright spot opposite the light and is 
otherwise ineffectively used because of the small angle at which 
it strikes the walls. Again there is all the flux that escapes to the 
sky from a diffusing globe. 


If without attempting to inerease the illumination on the 
pavement or to make it more uniform, most of the light in these 
two zones, that is the flux which does not fall upon the sidewalks, 
the pavement or the opposite buildings, could be redirected by a 
refractor and thrown across the street onto the building fronts, a 
refractor might well justify itself even in high-intensity and 
ornamental lighting. 

It is almost useless however to throw light onto dark-faced 
buildings. If the illumination of the walls as well as the floor 
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of the street is accepted as important and the city is to spend 


- money to accomplish it, an organized effort, probably by educa- 


tion rather than ordinance, should be made to get owners to use 
light-colored building material and to keep it clean. Once such 
a practice becomes general a builder would hesitate to place his 
building at the disadvantage of being invisible at night. 


: From another point of view assymmetric refractors may become 
important in the high intensity of business streets. The move- 
ment to eliminate poles will, if carried to its logical conclusion, 
result in the support of the trolley wires from the fronts of the 
buildings and the mounting of street lights on large brackets. 
A downtown street without an obstruction from end to end, is a 
pleasant thing to think upon. Here refractors would be almost 
necessary. 

At another point the public should take an interest in con- 
ditions accessory to street lighting. Hitherto illumination has 
had to take second place to the trees on the street. With 
changing conditions it appears to be time for this order to be 
reversed. I know a street where the the trees are kept, for the 
most part, back to the line of the house-fronts. The effect of 
openess and breadth is very pleasing. Perhaps however, such 
an arrangement of the trees as a general policy would be too much 
to hope for. It is not at all unreasonable however to locate the 
trees on the lot line instead of at the curb and this is a require- 
ment well within the rights of the public, for safety, if for no 
other reason. Again, regulations for the trimming up of trees 
may well be made and enforced, on the same grounds. 


The testing of the Columbus demonstration will be completed 
next week. While for the most part the results are not yet 
worked out, a few points seem to have been rather clearly estab- 
lished. One is that four 15,000-lumen lights on a 500-ft. block 
give more satisfactory results than ten 6000-lumen lamps, 
which is the spacing hitherto used. Again our experience 
indicates that 150 lumens per linear foot gives very satisfactory 
lighting for ordinary business streets and that 300 lumens makes 
fine ‘““whiteway” illumination. Also 25 to 50 lumens per foot 
covers very nicely the usual range of residence streets and 
boulevards. 

The important questions of incandescent versus magnetite-are 
lamps and of diffusing globes vs. refractors, symmetrical and 
unsymmetrical, have not had final consideration, but we hope to 
throw some light upon them before we are through. 

Mr. Millar has spoken of character in standards. There are 
few expenditures involving so much money that we made with 
more inadequate judgment than in the purchase of lamp stand- 
ards. ‘Their selection is generally left to someone who, in other 
matters of art, would certainly not claim to be a qualified critic. 
Probably it is usually the salesman, rather than the standard 
which decides the matter. 

The increasing emphasis which is being put upon the aesthetic 
aspects of city planning indicates the reference of such a selection 
to the best practicable commission of architects and artists. 
In the case of large orders, a standard specially designed by a 
competent artist should be used and if it can imbody some 
feature characteristic of the city so much the better. 

Finally, let me advise anyone who would conduct an extended 
series of tests of street lighting to arrange to close up his other 


affairs for the time being. Our efforts in Columbus have con- 


vinced me that the most practicable place to test street illumina- 
tion is anywhere else but on the street. 

G. H. Stickney: We all realize that the new thing, which is 
creating the need for better street lighting and more light, is the 
automobile. Ten or fifteen years ago the principal traffic on 
city streets was moving about six miles per hour. Now it has 
attained a speed of twenty or more miles per hour. 

It is therefore necessary to see more clearly and further if 
accidents are to be avoided. Street lighting, in general, has not 
adapted itself to this demand which the automobile has created, 
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and greater progress in this direction is essential to the preserva- 
tion of life, limb, and property. 

The question of symmetrical and asymmetrical distribution of 
light from street-lighting units is a very live one at the present 
time. It is not merely a comparison of two systems, since there 
are many possible characteristics of asymmetrical distributions. 
There are several schools of thought on the subject, and more 


experience is necessary before the best conclusions can be 
expected. 


Past experience has indicated, that when such new possibilities 
are opened up there is a tendeney to go to extremes. Having 
made such mistakes, I am inclined to expect the best practice to 
be found nearer a medial point rather than at an extreme. I 
believe asymmetrical distribution is here to stay, but not to the 
exclusion of symmetrical distribution. Nor do I think it prob- 
able that the best forms of asymmetrical distribution have yet 
been secured. 

We should expect to find ways of utilizing ight more effectively, 
but this one feature should not be over emphasized to the exelu- 
sion of other considerations. 


There seems to be a natural tendency to think that it is desir- 
able to put as large a portion of the light on the pavement and 
provide uniform illumination over this entire area. However, 
practically all of the tests and demonstrations have indicated 
that when the amount of light is limited, as is usual in street 
lighting, better visibility is secured where sections near the unit 
receive more illumination than the more distant areas, provided, 
of course, this is not carried too far. Such illumination often 
appears uniform to the eye, and seems to give better results 
than a similar amount of light distributed as to give measured 
uniformity. 

This is undoubtedly one of the factors which is bringing about 
the tendency toward the use of higher power units, even with 
incandescent lamps, in spite of availability of small sizes. It is, 
of course, promoted also by the superior economy of the larger 
lamps. 

D. K. Blake (by letter): Mr. Millar, in his paper on page 5 
mentions three important factors in the development of street- 
lighting systems which should be of considerable interest to the 
distribution engineers. They are first, the development of 
remote-control systems; second, the practice of connecting 
multiple incandescent lamps to the commercial service mains 
and, third, the increase in municipal expenditures per capita 
for street lighting. Because of the expenditures involved and 
because of the relation of the street-lighting system to the dis- 
tribution system these factors are additional reasons for an 
intensive and extensive economic study of the distribution system 
as a whole. 

It seems to me that the highway-lighting units mentioned on 
page 8 should be of considerable help in solving the problem of 
rural electrification. Because the highway-lighting unit in- 
creases the rural load and consequently reduces the cost of 
central station service to the farmer, its use should be justified 
on the highways where otherwise it would not be advisable to 
spend the money for the installation of these units. 


SELECTIVE CIRCUITS AND STATIC INTERFERENCE! 
(Carson) 
Cuicaco, Itu., JuNE 25, 1924 
L. W. W. Morrow: I would just like to ask the question if 
we are faced with the proposition of always suffering from static 
interference and is there no remedy? 
J. R. Carson: The question of static interference is the same 
problem we come across in telephone transmission, that is, 
when the signal comes so weak that the interference energy level 
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becomes comparable with the signal, we have got to either face 
interference or we have got to raise our power. 

To my mind, the attempt to actually eliminate static by any 
form of selective circuit would be comparable with the attempt 
to find a perpetual motion machine. It is there and we have got 
to receive certainly a frequency range for signaling and from the 
very nature of the thing we must receive the interference in that 
range. We have all recognized that principle more or less in 
telephone engineering: in engineering long lines we must put in 
repeaters at intervals, depending upon the amount of interfer- 
ence or the interference energy level. 

J. D. Robinson: Mr. Carson modifies his statement in a 
manner which possibly might be a little bit indeterminate for 
most of us. He says that he has no hopes for the selective 
circuit. Now that bears out an unknown number of things. 
Just why that modification? 

J. R. Carson: There are, of course, possibilities other than 
frequency selection. For example, we all know that the wave 
antenna has been successful to a certain extent in eliminating 
interference, and I don’t wish to imply that that form will not be 
successful in reducing it by a substantial amount, but that is a 
different basis, that is not frequeney discrimination, that is 
discrimination with respect to direction in which the signal 
interference comes. That is, the interference comes in from all 
directions, the signal from one direction. We have here, there- 
fore, a means of excluding part of the interference, and in some 
cases a very large part without any frequency discrimination 
whatsoever. Here again, however, we encounter an irreducible 
minimum of interference, namely the interference arriving from 
substantially the same direction as the signal. 

L. J. Peters: About a year ago I carried on some studies, 
some of those carried on by Mr. Carson, using about the same 
methods, although not quite so elaborate. 

On the second basis, that is the basis of average power over a 
period of time or the average grouping square current, I arrived 
at about the same conclusions, but my own dissatisfaction with 
the method of average power was that I wasn’t quite certain as to 
whether you could compute the actual interference by using 
average power, that is, over a period of time, and I would like 
to know Mr. Carson’s idea on that subject. You might have a 
condition that would produce considerable noise in your re- 
ceiver, and yet the average power that you got from that might 
figure out to be fairly low. I was hoping that I could arrive at 
some means by which you could actually estimate the maximum 
amount of noise you might get in your receivers. 

Mr. Carson: The question, as I understand it, really comes 
down to how close a measure of interference the mean square 
current furnishes, I mentioned in the paper that that is a ques- 
tion that can’t be answered, exactly, except by experiment. 

On the other hand, suppose we have two circuits and they 
absorb the same amount of power. In the first place since we 
don’t know what the individual form of disturbance is, the only 
basis which we can define our circuit to is as shown in the paper, 
on the other hand it is reasonably certain that they will be sub- 
stantially the same in the long run though at any particular in- 
stant and for some particular type of interference, one cireuit 
might be superior to the other and vice-versa. In the ease of 
random disturbances, however, it is impossible to attempt to 
deal with the particular wave form of the instantaneous inter- 
ference. 

I have also examined the question as to whether, for example, 
a wave-filter of a large number of sections as compared with the 
wave-filter of a small number of sections, having practically the 
same mean current, might reduce the peak, and found that it 
would depend upon the relative frequency and form of the 
individual disturbances. In one case you might find that in a 
long wave-filter the peak would actually be larger than in the 
short wave-filter, but owing to the absolute random character of 
the interference, nothing in the way of design can be done on 
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that basis, and as regards the actual effect in reducing intelligibil- 
ity, that would have to be subject to experiment. That is, if we 
have two filters which absorb the same mean interference, it is 
purely a question for experiment as to whether we can distinguish 
in the two circuits any difference in the effects of the interference 
on the intelligibility of the signal, which is what we are primarily 
concerned with. 

J. Slepian (by letter): Every observer of radio progress must 
be bewildered by the great variety of circuits, most plausibly and 
ingeniously contrived for eliminating the great bugbear of radio, 
static interference. Now Mr. Carson sheds a great light on this 
subject by showing that practically all these various schemes are 
inherently alike; that when properly designed they are capable 
of reducing the static signal ratio just so far, and no farther. 
This is a very great achievement, and if it could be popularized, 
and made widely known, it would save a tremendous amount of 
useless work on the part of not only amateurs, but many profes- 
sional men. Also, much of this effort might be diverted into 
paths which are beyond the assumptions of Mr. Carson’s analy- 
sis, and may therefore have a chance of success. It is with this 
last in mind, that I would like to ask some questions, with the 
hope of specifying more precisely the types of circuit or apparatus 
to which Mr. Carson’s analysis applies. 

Apparently, the selective circuits of Mr. Carson’s paper exer- 
cise only a frequency discrimination. That is, they have im- 
pedances which depend only on the frequency, when steady 
state is reached with a sinusoidal input. Circuits made up only 
of elements with linear characteristics will always have this 
property. 

Now, frequency is not an instantaneous property of a voltage 
or current. A voltage or current must be watched for a finite 
length of time before periodicity can be noted, and a frequency 
assigned to it. Thus determining a frequency or a component 
frequency, must involve a remembering or integrating process, 
by which the past is tied up with the present. It is only natural 
therefore to find that Mr. Carson’s analysis is based on the 
properties of certain integrals. Mr. Carson finds that the 
integrating processes, which determine the response of the 
selective circuits, when applied to random disturbances such as 
static, give residues, which can not be reduced below a certain 
figure. 

Now the question I wish to raise, is whether the introduction 
of elements with non-linear characteristics does not get outside 
the limitations which Mr. Carson shows inherently exist for 
linear elements. The response of such elements cannot be de- 
scribed only in terms of frequency, but such instantaneous 
quantities as amplitude must be considered. For example, 
I am told, that considerable improvement in static ratio may be 
obtained by limiting devices, which prevent response to inputs 
which exceed a certain amplitude. Such a device has no selectiv- 
ity whatsoever, being independent of frequency, and the formulae 
of Mr. Carson, if blindly applied would indicate that it would be 
entirely ineffective; yet the device does actually reduce static. 

I had an opportunity to mention these points to Mr. Carson, 
and he told me he thought it possible to take into account non- 
linear elements by considering relations between combination 
frequencies. I would be very pleased if he would outline how 
this might be done. When dealing with elements which depend 
on instantaneous quantities such as amplitude, will it not be 
necessary to consider the whole infinite series of combination 
frequencies? 

J. R. Carson: Dr. Slepian, in his interesting discussion has 
very properly called attention to the fact that the selective cir- 
cuits dealt with in my paper are linear networks and function 
solely by frequency discrimination. He has also raised the im- 
portant question as to what can be done in the way of elimina- 
ting static interference by non-linear devices which function on the 
base of amplitude discrimination. This is a very complicated 
question, quite outside the scope of the paper itself.—I am rather 
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afraid that in our conversation referred to by Dr. Slepian, I gave 


him a too optimistic impression. At any rate, while I have 
given the problem considerable study, I am not prepared as yet, 
to make any extensive discussion of it, certainly notan analytical 
one. There are, however, a few features of the problem which 
are of interest, and which indicate that a great deal more experi- 
mental data regarding the physical and psychological phenomena 
of audition must be accumulated before anything like a satis- 
factory handling of the problem is possible. 

If the receiving cireuit includes a non-linear circuit element, 


then when interference and signal are simultaneously present, 
_ the signal is modulated by the interference. 


If the non-linear 
characteristic is given analytically, it is possible to ealeulate the 


' form of the modulated or distorted signal, but it is not, as yet, 


possible to predict the effeet of such modulation in the intelligi- 
That, however, this effect and the 
possible benefits to be expected from the non-linear device must 
be dependent on the intensity and frequency of the interfering 
disturbances can be inferred from the following ideal limiting 
case of the non-linear device. 
Suppose that we have an ideal device which automatically 
destroys both signal and interference during the intervals of 
time when the interference exceeds a specified tolerable limit, 
but does not affect the signal except during these intervals. It 
will be clear, I think, that such a device may prove either bene- 
ficial or injurious depending on the duration and frequency of 
these intervals and the relative intensity of the interference. 
For occasional bursts of intense interference of short duration 
its effect ought to be beneficial. For frequent bursts of inter- 
ference or large duration, it would probably completely kill the 
intelligibility. Consideration of this ideal case does not permit 
us to make any general inferences; it does, however, I think, 
show how the whole problem is bound up with the phenomena 
of audition, and that it depends strictly on the character of the 
interference. In other words no such general statements can 
be made regarding non-linear devices for reducing static inter- 
ference, as can be made in the ease of frequency selection. 


THE DIRECT METHOD OF CALCULATION OF 
CAPACITANCE OF CONDUCTORS! 
(DwiceHT) 

Cuicago, Inu., JuNE 27, 1924 

D: M. Simons: I would like to emphasize Mr. Dwight’s 
statement that while his solution is in terms of capacity, inso- 
far as the geometric relationships are concerned, his work is 
immediately applicable to the calculation of thermal resistance, 
electrical resistance, dielectric loss, ete. His paper is especially 
valuable inasmuch as it makes it possible to make a rigid calcu- 
lation of thermal resistance between conductors and sheath, 
which calculation is believed to be the most usual calculation 
where the geometric relationship between the three conductors 
as one electrode and the sheath as the other electrode are involved. 

I would like to point out also that Mr. Dwight’s formula is 
really merely a guide to a long and difficult mathematical 
process. It will be found that its application is by no means 
similar to the use of a simple formula involving one or two slide- 
rule operations, but that it is really a laborious computation. 
It is to be hoped that someone will have an opportunity of 
making a large series of such computations so as to make the 
exact data available throughout the range of the usual propor- 
tions of three-conductor cables. : 

Vladimir Karapetoff: Mr. Dwight’s paper is certainly 
a bold attempt to treat the problem in a somewhat novel man- 
ner, and I hope that the method outlined is not only correct 
but is the simplest method possible for this particular problem. 
I mean that while we cannot solve this problem by the so-called 
method of inversion, yet there is another method which gives 
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splendid results for two spheres.2 This latter method would 
be of no use if it were not for two facts: first, that all the fic- 
titious charges are concentrated between the center of each 
sphere and its periphery on the center line; and, secondly, that 
all consecutive charges decrease in magnitude. Therefore, by 
putting an infinite number of charges along both center lines, 
you create a new electrical system such that for that system 
both spheres are equi-potential surfaces. According to a general 
theory of electrostatics, if you have found a possible distribution 
of electricity in equilibrium, then this is the only possible 
distribution. Thus, having found a solution, we know that 
it is the solution. 

It seems to me that Mr. Dwight goes to an unnecessary 
complication by not limiting himself to linear charges but 
taking charges distributed upon cylinders, and I wish to suggest 
that he try the same method as is used with spheres,. 


S. E. Pero: (by letter): The final results in Mr. Dwight’s 
paper seem to admit of simplification by a continuation of the 
analysis. At least in the case of the single-phase overhead-line 
formula which is the one I have examined particularly, the solu- 
tion of the series equation by the method of successive substitu- 
tions will reduce the formula to the usual form by which Mr. 
Dwight checked his result numerically. This method of solu- 
tion was applied by Mr. John R. Carson in his paper “Wave 
Propagation over Parallel Wires: The Proximity Effect,’ Phil. 
Mag. April, 1921, and in allied investigations. In fact, in 1920, 
we obtained a solution for the capacity in the case of two wires 
enclosed in a sheath, of which the single-phase circuit was 
treated as a special case. 

Mr. Dwight’s analysis of the latter problem may be continued 
in the following way. Denoting by x, the ratio a/s where a is 
the radius of the conductors and s the interaxial separation, the 
capacity c between the wires of a single-phase overhead line, 
is, by formulae (13), (15), (17), (19) and (21) of the paper 
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Equation (6) is identical in form with equation (35) of Mr. 

Carson’s paper on proximity effect. The solution may be 

obtained as explained in that paper, or may be derived by 

successive substitutions. By the latter method, the solution 

of the set of equations (6) is given by the limit of the sequence 
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which is formula (22) of the paper, the usual expression for 
the capacity in this case. 

While the succeeding formulas are considerably more com- 
plicated it is possible that the foregoing method is applicable 
to them also. ; 

Formulas (10) and (11) are credited to Mr. Curtis, As a 
matter of fact, these formulas are very old and they, or their 
equivalents, are found in such standard works as Hobson 
“Plane Trigonometry” 2nd. ed. p. 261, Bromwich “Theory of 
Infinite Series’ pp. 158-159 and Webster “The Dynamics of 
Particles and of Rigid, Elastic and Fluid Bodies,” p. 391. 

H. B. Dwight: The mathematical derivation by Mr. Pero 
of the standard formula for capacitance of two overhead wires, 
from series (21) of my paper, is a very interesting and useful 
result. The simplification obtained in this way in the expres- 
sion for capacitance is considerable, and if, as he suggests, a 
similar simplification can be made in the three-conductor for- 
mula (52), it would be a great advantage. 

A cheek on the use of inverse surfaces or image surfaces for 
ealculation of capacitance, as employed in my paper, can be 
made by using this method to caleulate the capacitance of a 
sheathed cable with one eccentric conductor. The result is 
exactly the same algebraical expression as given by Alexander 
Russell, in “Treatise on the Theory of Alternating Currents,” 
Edition of 1914, page 165, although his result was obtained 
without using images. 

The fact that the three discussions of this paper suggest that 
it would be desirable that a mathematical investigation of con- 
siderable length be undertaken, shows that in electrical engi- 
neering, the same as in the science of physies, research cannot be 
carried on entirely by laboratory experiments, but a definite 
place must be given to research by calculation. 

The Journat of the A. I. E. E., by publishing papers which 
give the results of electrical engineering research by calculation, 
has done a great deal to make this type of research possible. 
This support should be continued. In spite of the demand which 
is sometimes expressed that all papers published should be inter- 
esting reading, research papers should be judged according to the 
eriterion of whether they constitute a step in the solution of a 
problem in electrical engineering. 


Mr. Simons is quite right about the length of the ealeu- 
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lation in the paper which I presented. In fact, I would 
have hesitated to have written this up as a paper and sent 
it in if the cable people had not assured me (this applies partic- 
ularly to the three-conductor calculation, which is extra long) 
that in spite of the length they wanted to use it. ; 

There are very large opportunities, especially in this caleu- 
lation of shortening the work for the people using the caleula- 
tions. That is along, tedious work but is quite worth while. 

The indirect method suggested by Prof. Karapetoff of using 
a large number of concentrated charges instead of this rather new 
method of charges spread over surfaces will not avoid the trouble- 
some use of angles of direction, so far as I can see. There would 
be three rows of concentrated charges in three directions at 120 
degrees apart. However, the only test is to solve the problem the 
new way, if possible, and then see if it really saves work. It 
certainly has a good chance because the method presented is so 
very long. 

IT am not in the cable business but I shall do what I can to 
continue this problem as the prospects of getting results for the 
work invested look encouraging to me. 

Prof. Karapetoff suggested that I try an alternative method 
involving concentrated charges. That would take about 100 
hours of work. 


INSULATOR TEST SPECIFICATIONS 


The proposed Insulator Test Specifications Standards 
which are published herewith are the result of some 
three years’ work on the part of a Subcommittee of 
the Standards Committee of the Institute. 

This Subcommittee or Working Committee is one 
of number engaged in the complete revision of the 
Standards Rules. In its organization, as in that of 
all the other Working Committees, the personnel is 
picked to represent as well as possible the various 
interests involved, in this case in the production and 
use of line insulators. 

Difficulty has been experienced in the past in select- 
ing insulators for given purposes on the basis of pub- 
lished performance data and also in comparing results 
of tests made by different people at different times. 
Those who frequently purchase insulators have realized 
that there has been great variation in the methods of 
making insulator tests so that results are not always 
comparable. Different purchasers have also required 
variations in tests which in some cases have handi- 
capped production without securing an increase in the 
reliability of the product and it has been generally 
recognized that a very considerable gain would be 
realized for everyone concerned if methods of making 
insulator tests could be made uniform. 

It has been the practise of insulator manufacturers 
to catalog insulators on the basis of a more or less 
arbitrary voltage rating corresponding to line voltage. 
It is well recognized, however, that very many users 
install insulators of considerably higher voltage than 
the catalog rating for a given purpose. It has seemed 
logical, therefore, to rate the insulator at its actual 
performance as determined by test and then leave 
it to the user to secure for his particular purpose the 
insulator which he considers best adapted to it. 

The National Electrical Safety Code in its revised 
form will contain certain recommendations concerning 
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the proper insulator for use under various conditions 


and the Institute Subcommittee believes that it is 
not within its province to attempt to solve this part 
of the problem and has confined its activities merely to 
defining the methods of making the tests which are 
most generally used in the selection of insulators. It is 
hoped that everyone interested will carefully consider 
these proposed specifications. 


The Chairman of the Subcommittee, Mr. R. E. 
Argersinger, 147 Milk Street, Boston, Mass., will 
greatly appreciate any criticisms of these specifications 
and they should be sent in promptly so that the Insu- 
lator Subcommittee may have an opportunity to con- 
sider them and submit their recommendations to the 
Standards Committee in time for final action by that 
Committee at its May meeting. 


REPORT ON INSULATOR TEST SPECIFICATION 
STANDARDS 


1. Scorr anp PURPOSE 


These specifications are not to be interpreted as forming ecom- 
plete insulator specifications but rather as defining the methods 
of making the various tests described when they are required. 


Il. DEFINITIONS 


1. Pin Insulator. A pin insulator is a complete insulator 
consisting of one insulating member or an assembly of such mem- 
bers without tie wires, clamps, thimbles or other accessories, the 
whole being of such construction that when mounted on an insu- 
lator pin, with suitable fittings, it will afford insulation and 
mechanical support to a conductor. 

2. Shell. <A shell is a single insulating member without 
cement or other connecting devices. 

3. Suspension Insulator. <A suspension insulator unit is 
a shell assembled with its necessary attaching members. 

4. String. A string consists of two or more suspension 
insulator units flexibly connected in series. 

5. Dry Flashover Voltage. Dry flashover voltage is the 
voltage at which the air surrounding a clean dry insulator or 
shell breaks down between electrodes, with the formation of a 
sustained are, the test being made as described under “Dry 
Flashover Test.”’ 

6. Wet Flashover Voltage. Wet flashover voltage is the 
voltage at which the air surrounding a clean wet insulator or 
shell breaks down between electrodes with the formation of a 
sustained arc, the test being made as described under ‘“Wet 
Flashover Test.”’ 

Z. Puncture Voltage. Puncture voltage is the voltage at 
which an insulator or shell is electrically punctured when sub- 
jected to a gradually increasing voltage, the test being made as 
described under ‘‘Puncture Voltage Test.”’ 

8. Combined Mechanical and Electrical Strength. 
The combined mechanical and electrical strength of an insulator 


is the load in pounds at which the insulator fails either electric-_ 


ally or mechanically, voltage and mechanical stress being ap- 
plied simultaneously as described under “‘Combined Mechanical 
and Electrical Strength Test.”’ 

9. Rating. The rating of an insulator shall be its dry flash- 
over and wet flashover voltages expressed in kilovolts. 

Under standard test conditions the average of the dry flashover 
voltages of six units shall be within 5 per cent and the average of 
the wet flashover voltages of six units shall be within 10 per cent 


of the corresponding rating voltages. 


These allowances are made to provide for variables which are 
difficult to control. 
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Ill. Payment ror Marerrat Testep 


As far as practicable, tests shall be made upon units which 
have some defect and are not salable but are otherwise accept- 
able to the inspector for the test in question. In addition, pur- 
chaser shall be allowed to test commercial insulators to destruc- 
tion up to 144 of a per cent of the total number ordered. If 
additional units are desired for such tests they shall be paid for 
by the purchaser. 


IV. Desiten Tests, Pin Insunators 


1. Dry Flashover Test. Dry flashover test shall be per- 
formed with the pin insulator mounted in a vertical position on a 
steel pin of circular section 1 in. (2.54 em.) in diameter mounted 
on a cross-arm and of such length that the ratio of the shortest 
distance from the outer edge of the head around the insulator to 
the cross-arm, to the shortest distance from the edge of the head 
around the insulator to the pin shall be 1.25. The ecross-arm 
shall be a grounded metallic tube not less than 3 in. (7.63 em.) 
and not more than 5 in. (12.7 em.) in outside diameter and shall 
extend at least 3 ft. (0.914 m.) on either side of the center line of 
the insulator pin. No other grounded structure shall be nearer 
than 3 ft. (0.914 m.) to any part of the insulator or conductor. 
The head of the insulator shall be fitted with a straight smooth 
metallic rod or tube not less than 4% in. (1.26 em.) in outside 
diameter extending in a direction at right angles to the cross-arm 
and at least 2 ft. (0.609 m.) in either direction from the center 
line of the insulator head. This rod shall be secured in the upper 
groove by means of at least one turn of wire not smaller than No. 
8 A. W. G. placed in the side tie wire groove. 

The character of the testing equipment and method of measur- 
ing voltage shall conform to the Standards of the A. I. E. E. 

The test shall be performed by applying voltage between 
the rod fastened to the head and the steel pin, and raising it at 
a rate of approximately 10,000 volts every fifteen seconds to a 
value at which dry flashover occurs. The initial applied voltage 
shall be approximately 80 per cent of dry flashover voltage. 

Records shall be made of barometric pressure, air temperature 
and humidity. 

2. Wet Flashover Test. The testing arrangement shall be 
the same as in the dry flashover test with the addition of equip- 
ment to provide a finely divided and reasonably uniform spray 
at an angle of 45 deg. from the vertical and at a rate of 0.2 in. 
(5.07 mm.) per minute. The water shall have a resistance of 
from 6000 to 8000 ohms per in. cube (15,200 to 20,300 ohms per 
em. cube) and shall be delivered to the spray nozzle at a pressure 
of not less than 35 and not more than 50 pounds per sq. in. 
(2.46 to 3.51 kg. per sq. em.) measured at the nozzle. The verti- 
eal and horizontal dimensions of the vertical area sprayed shall be 
measured in a plane through the vertical axis of the insulator 
and shall be at least 1.75 times the corresponding over-all pro- 
jected dimensions of the insulator. The precipitation shall be 
determined by measurements taken, with the insulator removed 
at the location of the top, center and bottom of the vertical axis 
of the insulator when in its test position. The water shall be 
collected ina vessel having atop diameter of six inches. Individ- 
ual measurements shall show a variation of not more than 25 
per cent from the mean of the three measurements. 

Methods of applying and measuring voltage and of recording 
data shall be the same as for the ‘“‘Dry Flashover Test’’ except 
that the insulator shall be sprayed one minute before voltage is 
applied and that the initial applied voltage shall be approximately 
80 per cent of the wet flashover voltage. 

3. Corona Formation Voltage. The testing arrangement 
shall be the same as for the dry flashover test using a darkened 
room. A voltage well above the corona point shall be applied 
and slowly lowered until all brush discharges disappear from the 
insulator. The point of disappearance shall be the corona 
voltage. 

Methods of measuring voltage and of recording data shall be 
the same as in the “Dry Flashover Test.”’ 
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4. Puncture Voltage Test. In making this test the insu- 
lator shall be inverted and immersed in oil with the line and tie 
wire grooves served with a single conductor not smaller than No. 
8 A. W. G. The pin hole shall be provided with a cemented 
thimble in which shall be inserted a close fitting metal pin. 
Voltage shall be applied between the pin and the conductor in 
the tie wire groove. 

Methods of applying. and measuring voltage and of recording 
data shall be the same as in the ‘““‘Dry Flashover Test,’’ except 
that the initial applied voltage shall be approximately the dry 
flashover voltage and the voltage shall be increased at a rate of 
approximately 1000 volts per second until puncture occurs. 


V. Desian Tests, SuspENSION INSULATORS 


1. Dry Flashover Test. Dry flashover test shall be per- 
formed with the insulator, unit, or string, suspended vertically 
by the maker’s standard cross-arm suspension hardware carried 
at the end of a grounded wire or suitable conductor suspended so 
that the vertical distance from the uppermost point of the insu- 
lator hardware to the supporting structure shall not be less than 
3 ft. No other grounded structure shall be nearer than 3 ft. 
or one and one-half times the string length to any part of the 
-unit or string. The insulator pin, or corresponding fitting, 
shall carry an inverted pipe tee made of smooth 34 in. pipe 
standard iron pipe size the head of the tee being not less than 6 
ft. long, the stem of the tee being coupled at the middle point of 
the head and having such a length that the distance from the 
upper surface of the horizontal head of the tee to the lowest edge 
of the porcelain shall not exceed 0.7 of the diameter of the lowest 
unit. 

Potential shall be applied between the stem of the pipe tee and 
the grounded suspension by raising the voltage at the rate of 
approximately 10,000 volts every fifteen seconds to a value at 
which dry flashover oceurs. The initial applied voltage shall 
be approximately 80 per cent of dry flashover voltage. Records 
shall be made of barometric pressure, air temperature and 
humidity. 

The character of the testing equipment and method of measur- 
ing voltage shall conform to the Standards of the A. I. HE. E. 

2. Wet Flashover Test. The wet flashover test shall be 
performed using the same general arrangement as in the dry 
flashover test with the addition of equipment to provide a finely 
divided and reasonably uniform spray- at an angle of 45 deg. 
from the vertical and at the rate of 0.2 in. (5.07 mm.) per minute. 
The water shall have a resistance of from 6000 to 8000 ohms 
per inch cube (15,200 to 20,300 ohms per em. cube) and shall 
be delivered to the spray nozzle at a pressure of not less than 
35 and not more than 50 pounds per sq. in. (2.46 to 3.51 kg. per 
sq. em.) measured at the nozzle. The vertical and _hori- 
zontal dimensions of the vertical area sprayed shall be measured 
in a plane through the vertical axis of the unit or string and shall 
be at least 1.75 times the corresponding overall projected dimen- 
sions of the unit or string. Precipitation shall be determined 
by measurements, taken with the unit or string removed at the 
location of the top, center, and bottom of the vertical axis of the 
unit or string when in its test position. The water shall be col- 
lected in a vessel having a top diameter of six inches. Individ- 
ual measurements shall show a variaton of not more than 25 
per cent from the mean of the three measurements. 

Methods of: applying and measuring voltage and of recording 
data shall be the same as for the dry flashover test except that 
the unit or string shall be sprayed one minute before voltage is 
applied and that the initial applied voltage shall be approxi- 
mately 80 per cent of the wet flashover voltage. 

3. Corona Formation Voltage. The testing arrangement 
shall be the same as for the dry flashover test using a darkened 
room. A voltage well above the corona point shall be applied 
and slowly lowered until all brush discharges disappear from the 
insulator. The point of disappearance shall be the corona 
voltage. 
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Methods of measuring voltage and of recording data shall 
be the same as in the ‘‘Dry Flashover Test.” 

4. Puncture Voltage Test. Puncture test shall be per- _ 
formed with the insulator unit inverted and immersed in oil, 
voltage being applied between the cap and stud or corresponding 
metal fittings. 

Methods of applying and measuring voltage and of recording 
data shall be the same as in the ‘‘Dry Flashover Test,” except 
that the initial applied voltage shall be approximately the dry 
flashover voltage and the voltage shall be increased at a rate of 
approximately 1000 volts per second until puncture occurs. 

5. Combined Mechanical and Electrical Strength Test. 
This test shall be performed with the insulator unit mounted so 
that mechanical tension can be gradually applied simultaneously 
with a potential 25 per cent below the rated dry flashover voltage 
and having a frequency not greater than 60 cycles. Tension 
and potential shall be applied between the cap and pin or corre- 
sponding fittings of the insulator. 

The mechanical tension shall be brought up rapidly to a value 
approximately 75 per cent of the probable tension at puncture 
after which it shall be increased at the rate of 2000 lb. (907.2 kg.) 
per minute until puncture tales place. 

Methods of measuring voltage and of recording data shall be 
the same as in the “Dry Flashover Test.” 


VI. Rovtine Tests, Pin INSULATORS 


1. Preliminary Test. Before assembly, all shells shall be 
subjected to vigorous dry flashover potential at normal frequency 
25 to 60 cycles for 3 minutes. If more than 5 per cent fail, the 
lot* may be retested. If on reset more than 3 per cent fail, the 
lot* shall be rejected. 

2. Test after Assembly. After assembly the insulators 
shall be subjected to a vigorous dry flashover test for two minutes. 
Insulators failing under this test shall be rejected. 

3. Puncture Test. Puncture test shall be made on units 
which have passed the final routine flashover test. Rejection of 
units for puncture shall be based on the ‘‘Average Variation” in 
puncture voltage determined as follows: 


DETERMINATION OF “PER CENT AVERAGE VARIATION”’ 
Puncture Unper O1n Test 
Purchaser will select from units offered for final inspection not 


more than 44 of one (1) per cent of the total quantity and not 
less than three (3) units. 


IN 


Let 
ViVeiVs .Vn = individual puncture values 
V = average puncture voltage 
V=(VitV2+tV3....+ Vn)/n 
Let 
ma=V—-V; G2 = V— Ve = V= Ve. a= ae 
Consider all the values of a as positive, that is, neglect the 
signs. 
Let 
a = average variation 
A = per cent average variation 
Then 
@ = (G1) - G2 a3... . an)/n 
A = 1004a/V 


Example: 


Five insulators punetured at: 150, 135, 145, 138, 142 kv., 
respectively. 


V = (150 + 1385 + 145 + 188 + 142)/5 = 142 
a@a=(8+74+3+4+4+0)/5 =44 
A = 100 X 4.4/142 = 3.09 per cent 


If “Per Cent Average Variation,’ A, exceeds 10 per cent, the 
entire quantity shall be rejected, or at the manufacturer’s 
option and expense an additional 2 per cent or a minimum of 10 
units may be tested. If the ‘‘Per Cent Average Variation” A, 


“In all cases where the term “‘lot’’ is used, it should be defined as in- 
cluding only the number of units on the testing pan at one time. 
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obtained from this second test only exceeds 10 per cent, the entire 
lot shall be rejected. Further, if the Average Puncture Voltage 


V is less than 130 per cent of rated Dry Flashover Voltage, the 
entire lost shall be rejected. 


VII. Oprtonan Trsts—Pin InsuLATORS 


1. Thermal Test—Preliminary. After the routine “Pre- 
liminary Test,” a number of represenattive shells of each type 
used shall be subjected to a ‘‘Thermal Test.’”? The number 
tested shall not exceed 1/10 of 1 per cent of the order and shall 
not be less than five (5) shells. This test shall consist of ten (10) 
immersion eyeles. Each eycle shall be made by immersing the 
shell in a bath of water maintained at a temperature of ap- 
proximately 205 deg. fahr., or 96 deg. cent. The shell shall 
remain in this bath ten (10) minutes and then shall be im- 
mediately immersed in a bath of water maintained at a tem- 
perature of approximately 39 deg. fahr., or 4 deg. cent., in which 
it shall remain for ten (10) minutes and after which the next 
eyele shall immediately follow. The transfer period between 
immersions should not exceed five (5) secondsin length. During 
this time the shell shall be tapped with a hammer to detect eracks 
which may have occurred. . After the fifth and tenth cycle and 
following the cold bath, the unit shall be given a momentary 
“Dry Flashover Test.”’ 

If more than 20 per cent of the shells subjected to this test 
fail, the entire quantity represented shall be rejected. 

2. Thermal Test—Final. After the ‘‘Test After Assem- 
bly’? a number of representative assembled insulators shall be 
subjected to a ‘‘Thermal Test.’”’ Specifications for this test shall 
be the same as the specifications for the ‘‘Thermal Test’’ on pin 
insulator shells except that each insulator shall be mounted on a 
pin of the type to be used with it, that the temperature of the hot 
bath shall be approximately 150 deg. fahr., or 66 deg. cent., 
and the word “insulator”? shall be substituted for the word 
“shell.” 


VIIt. 


1. Preliminary Test. Before assembly, all shells shall be 
subjected to vigorous dry flashover potential at normal frequency 
25 to 60 cycles for 5 minutes. 

If any shell fails during the fourth or fifth minute of the test, 
the test shall be continued until no shell fails during the last two 
minutes of test. The excess time is based on the testing of 
quantities up to 100 at one time. For quantities greater than 
100, the excess time after the last failure may be less than two 
minutes by agreement between manufacturer.and purchaser. 
If more than 5 per cent fails the lot* may be retested. If on 
retesting more than 3 per cent fails the lot* shall be rejected. 

2. Mechanical Test. All assembled units shall withstand 
for three seconds without sign of distress a mechanical pull in 
line with the axis of the insulator amounting to approximately 
40 per cent of the rated ultimate strength. This test shail be 
given before the final electrical test, and in the case of cemented 
units shall be made not more than 7 days after cementing. 

3. Test after Assembly. One of the three following tests 
shall be made as outlined under 4a, b, orc: 

(a) High Frequency Test 

For this test the manufacturer may at his option be governed 
by either of the following specifications: 

1. After assembly, each suspension insulator unit 
shall be subjected to a damped high frequency or impact 
test for from three (3) to five (5) seconds in which the insu- 
lator shall be tested at a voltage approximately 15% above 
the normal frequency flashover value. The frequency shall 
be of the order of 200,000 cycles per second in damped trains, 
the source of energy being a circuit having a frequency of 
25 to 60 cycles. All units failing shall be rejected. 


*In all cases where the term ‘Yot’’? is used, it should be defined as in- 
cluding only tue number of units on the testing pan at one time. 


Routine Tests, SUSPENSION INSULATORS 
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2. After assembly, each suspension insulator unit shall 
be subjected to a high frequency discharge from a 60-cycle 
transformer adjusted for a no load voltage of not less than 
115% of the 60-eyele dry flashover of the unit, this test to 
be continued for a period of not less than three seconds. 
The high frequency superimposed upon the 60-cycle voltage 
shall not be less than 100,000 cycles per second. All units 
failing shall be rejected. 

(b) Normal Frequency Test 

After assembly each suspension insulator unit shall be sub- 
jected to a vigorous dry flashover test at normal frequeney 25 
to 60 cycles for three minutes. All units failing shall be rejected. 
(c) Overvoltage Test 

After assembly each suspension insulator unit shall be lowered 
in an upright position into a bath of insulating oil, slightly im- 
mersing the tips of the lowest parts and the rim to a depth suffi- 
cient to prevent flashover. Air shall cover the bottom of the 
shell to conduct the charging current to the shell. One hundred 
twenty per cent of Dry Flashover Voltage to a frequency not 
greater than 60 cycles shall then be applied between the ter- 
minals of the unit for two minutes, with one minute after the 
last puncture. All units failing shall be rejected. 

4. Puncture Test. Puncture Test shall be made on units 
which have passed the final ‘“‘Test After Assembly.’’ Rejection 
of units for puncture shall be based on the ‘‘Average Variation”’ 
in puncture voltage determined, as follows: 


DETERMINATION oF “PER CENT AVERAGE VARIATION’ IN 
Puncture UnpeErR Orn TEst 


Purchaser will select from units offered for final inspection not 
more than 14 of one (1) per cent of the total quantity and not 
less than three (3) units. 

Let 
V:iV2V3.... Vn = individual puncture values 
V = average puncture voltage 


VE=W ia SVer Ves see Vint 
Let 
a=V—YV; d= V— Vo a= V — Vs Ope 16x 
Consider all the values of a as positive, that is, neglect the 
signs. 
Let 
a = average variation 
A = per cent average variation 
Then 
a =(@ +a, +a3....+4n)/n 
A = WOOD ay 
Example: 


Five insulators punctured at: 150, 135, 145, 138, 142 kv. 
respectively. 

V = (150 + 135 + 145 + 138 + 142)/5 = 142 
8+74+3+4+4+4+0)/5 =44 
A = 100 X 4.4/142 = 3.09 per cent. 

If “Per Cent Average Variation’? A exceeds 10 per cent the 
entire quantity shall be rejected, or at the manufacturer’s 
option and expense an additional 2 per cent, or a minimum of 
10 units may be tested. If the ‘Per Cent Average Variation” 
A, obtained from this second test only exceeds 10 per cent the 
entire lot shall be rejected. Further, if the Average Puncture 
Voltage V is less than 130 per cent of Dry Flashover Voltage, the 
entire lost shall be rejected. 

5. Ultimate Mechanical Strength. Ten units shall be 
selected for this test from each 1000 ordered. If any fail at less 
than 85 per cent of the manufacturer’s rated ultimate strength, an 
additional 20 units shall be tested at the manufacturer’s expense. 
If none fail at 85 per cent of manufacturer’s rating the lot shall be 
accepted and if any fail, rejected. 

In the case of cemented units the test shall be made not more 
than 7 days after cementing. 


a 
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ILLUMINATION ITEMS 


By the Lighting and Illumination Committee 
DAYLIGHT REFLECTION FACTS 

All of us are familiar with the panoramic view most 
store windows present on a bright, cloudless day. A 
steady stream of passing vehicles, street cars and pedes- 
trians, seen against a background of distorted buildings, 
usually meets the gaze of the interested passerby and the 
value of the window display itself is lost merely be- 
cause it cannot be clearly seen without conscious 
effort on the part of the observer. 

In order to determine more accurately the factors 
which are concerned in the elimination of these trouble- 
some reflections a careful study has recently been made 
of the reflected images from sixty-five typical store 
windows. It was first necessary, of course, to deter- 
mine which of the various bright objects in the street 
caused the most objectionable reflections from the 
plate glass windows. It was found that light colored 
sidewalks were the most serious from the standpoint of 
harmful reflections due to the high illumination on the 
horizontal surface. Street cars, and light colored 
buildings on the opposite side of the street were also the 
cause of pronounced reflections; light colored streets, 
passing vehicles and pedestrians were next in order of 
importance. 


LIGHT BACKGROUNDS ARE PREFERABLE 


It was also important to know how conditions inside 
of the windows affected the visibility of the display. 
With this end in view various kinds of backgrounds in 
typical windows were studied. It was soon seen that 
the character of the background has considerable 
influence on the effectiveness of the window. While 
it is not of major importance to have a light background 
in windows where the displays are light, yet such a 
condition is desirable in that the general illumination 
on the display is increased due to the reflection of the 
background and a large surrounding dark surface 
against which distracting images are seen is eliminated. 
Light colored backgrounds in windows having dark 
trims have a very definite value, in that the displays 
can at least be seen by silhouette. Many display 
windows in practise have backgrounds of dark wood 
finishes which add to the richness of the display and 
form a pleasing contrast with light colored trims. 
This effect is lost however, if the background is too dark. 

With these facts in mind, the next step for the en- 
gineers was to find ways and means of overcoming the 
bothersome reflected images. By actual measurement 
of the illumination in several windows and the bright- 
ness of the display, the fact was soon established that 
the display must be illuminated so that its brightness 
is at least equal to the brightness of the reflections 
themselves, if the veiling effect of the images, reflected 
from the window glass, is to be entirely overcome. 

A table was compiled from these data enabling one 
to determine easily the foot-candles necessary on any 
display to eliminate objectionable reflections. By 
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measuring the daylight illumination in any given win- 


TABLE I 


Foot-Candles Required to Satisfactorily Illuminate Windows Having 
Displays with Various Reflection Factors When Images of 
Objects in Bright Sunlight Are Present 
Color tone of display material usually 


employed in windows 

Very ! Me- | Fairly | Very 

Dark Dari dium | Light | Light 

Objects in sunlight causing 5% 20% 35% 50% 65% 
Light-Colored Building....... 1,200 300 170 150 150 
Dark-Colored Building........ 400 150 150 150 150 
Dark-Colored Pavement...... 1,200 300 170 150 150 
Light-Colored Sidewalk....... 1,800 450 260 180 150 
Light-Colored Street Cars.....| 1,400 350 200 150 150 
Dark Automobiles... 2.1.2... 200 150 150 150 150 
Clowdsiene gn ctor arouse ie so 4,000 1,090 570 400 300 
(oi hen dae rae eR ua ama aaerOO 425 250 170 150 


dow and subtracting the value from the corresponding 
foot-candle value in the table, the required foot-candles 
of artificial illumination which must be supplied is 
determined. 

Recent improvements in lighting equipment have 
made it possible to meet these requirements very easily. 
Flood lighting the entire display or spot-lighting the 
principal objects in the display offers an effective 
means of raising the illumination to the required level. 
The auxiliary lighting equipment should be installed on 
separate circuits so that higher levels of illumination 
can be obtained as desired at different hours of the day 
or at different seasons of the year. 

By eliminating daylight reflections, the attractiveness 
of the window display and its value as an advertising 
medium are greatly increased.—Light, January, 1925. 


SITTING IN A DRAFT AND FACING GLARING 
LIGHT SOURCES 

When one finds himself sitting in a draft in some- 
body’s office or in a friend’s home, he does not hesitate 
to protect himself from this exposure. He may change 
his seat or may even ask that the draft be reduced or 
eliminated. This is a privilege which is recognized by 
both host and visitor and no offense is involved. Why 
should not the same principle be applied to lighting? 
How often one finds himself facing a glaring light 
source. Does he feel as free to mention this annoyance? 
Even those who recognize the harmful influence of 
glaring light seldom find it easy to suggest that it be 
shaded or extinguished. It is felt that the host might 
be offended, and, doubtless, there is ground for the fear. 
The effect of exposure to a draft is so easy to trace to 
its cause that every one recognizes the danger and 
hosts would not suffer guests to be unnecessarily 
exposed. 

This illustrates very well the need for educational 
work in lighting—for a continual campaign against 
glare. The millennium in lighting will not have arrived 
until every one feels as free to complain against glare as 
against drafts. To bring this about is no small task, 
but constant, tactful agitation whenever a proper 
opportunity presents itself will eventually change the 
attitude of the public mind.—Electrical World, Dec. 27. 
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Program for the Spring Convention 


The coming convention in St. Louis, April 13-17, promises 
to’ set a record for Spring meetings. Technical sessions of 
unusual quality, delightful social features, including a specially 
attractive program for the ladies, and an excellent hotel and 
location will all contribute to the success of this convention. <A 
very competent and enthusiastic committee, drawn from practi- 
cally all the electrical interests in St. Louis, has made complete 
arrangements for the enjoyment of all who attend. 

Tur TECHNICAL SESSIONS 

Power plants and systems, industrial, marine and mine 
applications, machine design and communication will constitute 
the major topics of the technical papers. Five of the most mod- 
ern power plants will be discussed in one session and another 
session will cover the use of frequency changers, reactors, auto- 
matic substations and cable crossings. Four machinery papers 
will cover short-cireuit currents, two-speed synchronous motors 
and self-excited synchronous motors. In the general topic of 
communication, papers will be given on loud speakers, railroad 
communication, echo suppressors and frequency multipliers. 
Under the heading of industrial topics there will be papers on 
marine applications of electricity, mining applications, indus- 
trial heating, induction furnaces, babbitt pots, rubber-mill 
drive and glass manufacture. Automobile lighting will be cov- 
ered in another paper. The accompanying list explains the 
technical sessions in more detail. 

ExcpeLuent Hotei anp Location 


The Hotel Chase, which will be convention headquarters is 
ideal for an Institute meeting. It is comfortable, commodious 


INSTITUTE AND RELATED ACTIVITIES 
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and up-to-date and is situated in beautiful surroundings. Fur- 
thermore St. Louis is most attractive at the season when the 
meeting will be held. Directly across from the hotel is Forest 
Park and surrounding it are impressive residential districts. 
Within Forest Park are to be found the Art Museum, the Jeffer- 
son Memorial, the Zoological Gardens, the Municipal Theater 
and the home of the Missouri Historical Society. Tennis, golf 
and horseback riding are available. 

The hotel is within 15 minutes ride of the central business 
aie of St. Louis and motor buses and trolley cars pass the 

oor. 

Dancing is a regular evening feature in the Palm Room and 
guests in the Lounge may enjoy a musical program without 
charge from 7:00 P. M. to 1:00 A. M. every evening. 

The room rates are $3.50 to $6.00 per day for single rooms and 
$6.00 to $8.00 for double rooms, all rooms having private baths. 
Very reasonably priced club meals are served three times a day. 


EXNTERTAINMENT 


Among the events of a lighter nature scheduled for the meeting 
are an informal reception and dance for Monday evening, April 
13, a smoker and also a ladies theater party Wednesday evening, 
and a banquet and dance Thursday evening. For the dances a 
number of schemes have been laid to promote an informal at- 
mosphere so that all may become acquainted. At the smoker 
there will be entertainment in cabaret style by the Municipal 
Opera chorus and others and a buffet supper will be served. 

The banquet on Thursday evening will be another delightful 
function. The plans are to make this occasion lively and free 
from solemnity. There will be short talks by two or three very 
prominent .speakers including Past-President F. B. Jewett, 
vice-president, Western Electric Company. Entertainment 
specialties and music will be enjoyed during the evening and at 
10:30 dancing will start. Square and round dances, favors, 
confetti, etc., will help to make a gala night. 


Gor AND TENNIS 
Every day golf and tennis may be played on the country-club 
and municipal links and courts which are nearby. Automobiles 
will be furnished free morning and afternoon to those who wish 
to play. There will be tournaments for both ladies and men. 


InspEcTION TRIPS 

The great number of the industries of St. Louis offers a wide 
variety of things to be seen. Power plants and systems, many 
industrial establishments, telephone systems, etc., offers a wide 
diversity. 

The Cahokia plant of the Union Electric Light and Power 
Company will of course be of great interest. A special trip will 
be made to this plant, probably Wednesday afternoon. A 
number of other trips also will be arranged. 

A sightseeing trip for ladies and gentlemen will be made 
Wednesday afternoon through some beautiful sections of the city. 


DELIGHTFUL PLANS FOR THE LADIES 

Many special attractions have been arranged for the ladies 
and it is expected that many of them will attend. A committee 
composed of a group of St. Louis ladies will see that everything 
possible is done for the enjoyment of the guests and plans have 
been made to interest them at all times. The ladies, particularly, 
will enjoy the comforts of the excellent Chase Hotel and its 
surroundings. 

Lapies’ OuTINGS AND THEATER Parry 

A ladies outing to the Midland Valley County Club is sched- 
uled for Tuesday. Bridge will be played and prizes given by 
local electrical concerns will be awarded. Golf may be played if 
desired. Thursday an outing to the Riverview Club is planned 
with a ladies putting contest as the feature. On both of these 
outings there will be no expense to the ladies for luncheon, 


automobiles or greens fees 
Another sightseeing tour for both ladies and men is arranged 
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for Wednesday afternoon. The route will touch Washington 
University, Art Museum, the Municipal Theater, Shaws Garden 
and fine residential districts. 

The theater party for the ladies on Wednesday evening will 
be held while the men are at the Smoker. For this also there 
will be no charge for tickets or transportation. 


Sports FOR THE LADIES 


Ladies may play golf every day on several courses which are 
located near the hotel. Tennis also may be played by those who 
prefer. Automobiles will be furnished. 

Of course the ladies will be present at the dance on the opening 
evening but furthermore there will be dancing every evening in 
the hotel. The banquet on Thursday evening also will be well 
attended by the ladies. The committee promises only a few 
short speeches, some good entertainment and a lively dance to 
close the evening. 

The general committee of arrangements for this convention as 
appointed by President Osgood, consists of Messrs. B. D. Hull 
(Chairman), Edward Bennett, H. E. Bussey, J. M. Chandlee, 
H. W. Hales, J. Harrison, Chris. H. Kraft, L. W. W. Morrow, 
C. P. Potter, W. L. Rose, Herbert S. Sands. Subcommittees have 
been appointed, the chairmen of which are as follows: Entertain- 
ment, W. L. Rose, Finance, G. A. Waters; Publicity, C. L. 
Matthews; Registration and Hotel, J. M. Chandlee; Special 
Feature, C. H. Kraft; Technical Inspection, C. C. Robinson; 
Technical Meetings, C. P. Potter, and Transportation, J. L. 
Buchanan. 


TENTATIVE TECHNICAL PROGRAM FOR SPRING 
CONVENTION, ST. LOUIS 


Monpay, Aprit 13 
2:00 PB: M. 


PowrR PLANTS SESSION 
Under auspices of Committee on Power Generation, 
VERN E. ALDEN, Chairman 
1. Trenton Channel Station, C. F. Hirshfeld, Detroit Edison Co. 


Data and engineering reasoning leading to the design chosen for 
the Trenton Channel Plant. The plant will have an ultimate 
capacity of 300,000 kw. with 50,000-kw. units. Powdered fuel is 
employed. 
2. Informal discussion on the electrical and mechanical features 
of the following stations— 


Philo Station of the Ohio Power Company, by .E. H. 
McFarland, Beech Bottom Power Company. 

Weymouth Station of the Edison Electric Illuminating 
Company of Boston, by I. H. Moultrop. 

Cahokia Station of the Union Electric Light and Power Co., 
by H. W. Eales. 


Turspay, 9:30 A. M. 
Power Systems Session 
Under auspices of Committee on Power Generation, 


Vern E. Atpen, Chairman 


3. Interconnection of Systems with Frequency Changers, H. R. 
Woodrow, Brooklyn Edison Co. 

A discussion of the 35,000-ky-a. synchronous-synchronous 
frequency changer which ties together the 60-cycle and 25-cycle 
systems of the Brooklyn Edison Company. 

4. Hight Years’ Experience with Protective Reactors, James 
Lyman, L. L. Perry and A. M. Rossman, all of Sargent. & 
Lundy. 

Results of eight years’ experience with reactors in operation in 
three large power stations. The action of the reactors in a number 
of cases of actual trouble is analyzed. 

5. Mississippi River Crossing of Crystal City Transmission 
Line, by H. W. Eales and E. Ettlinger, both of Union 
Electric Light & Power Co. 

Description of two long, 132-kv., river-crossing spans designed 
for heavy ice loading. Calculations for sags and tensions used. 
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6. Application of Automatic Control to Substation Apparatus, 


10. 


Ile 
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14. 


W. H. Millan, Union Electric Light & Power Co. 


This paper contains suggestions for eliminating some of the 
troubles which may develop in the automatic operation of sub- 
station equipment. It applies particularly to alternating-current 
distributing substations and direct-current substations feeding 
heavy Edison networks. 


Turspay, 2:00 P. M. 
MACHINERY SESSION 
Under auspices of Committee on Electrical Machinery, 
H. M. Hosart, Chairman 


Initial and Sustained Short Circuits in Synchronous Machines, 
V. Karapetoff, Cornell University. 
Analytical and graphical treatment of general cases of armature 
windings displaced by arbitrary angles, with applications to one-, 
two- and three-phase machines. 
Short-Circuit Currents of Synchronous 
Franklin, General Electric Co. 
The application to a number of practical cases of the general 
formulas for short-circuit currents as given in the companion 
paper by V. Karapetoff. 
A Two-Speed Salient-Pole Synchronous 
Wieseman, General Electric Co. 


A specially shaped pole is used to obtain two speeds at high 
efficiency. . 


Self-Excited Synchronous Motors, J. K. Kostko, Palo Alto, 
Cal. 


Analysis of design possibilities of the self-starting high-power- 
factor synchronous motor. 


Wepnespay, 9:30 A. M. 
COMMUNICATION SESSION 


Machines, Rk. F. 


Motor, R. W. 


Under auspices of Committee on Communication, 
O. B. Buackwe.u, Chairman 


A New Hornless Type of Loud Speaker, C. W. Rice and 
EK. W. Kellogg, both of General Electric Co. 

Description of a series of tests directed to the evolution of a loud 
speaker free from resonance and the development of a practical 
speaker which gives an output approximately proportional to the 
actuating force, and independent of frequency. 

Communication in Railroad Operation, I. C. Forshee, Pennsyl- 
vania Railroad System. 

A description of the use on railroad systems of the telegraph, 
telephone, telautograph, telegraph printer and radio. 

Echo Suppressors for Long Telephone Circuits, A. B. Clark, 
American Telephone & Telegraph Co., and R. C. Mathes, 
Bell Telephone Laboratories, Inc. 

An account of a device for suppressing echo effects sometimes 
encountered in very long telephone circuits. The possibilities and 
limitations of the device are discussed. 

Frequency Multiplication, N. Lindenblad, Radio Corporation 
of America, and W. W. Brown, General Eleetrie Co. 

The paper presents in a condensed form physical conceptions of 
the operation of iron-cored frequency multipliers and some re- 
sults of an investigation to determine the possibilities of increasing 


the usefulness of large high-frequency alternators through use of 
frequency multipliers. 


Tuurspay, 9:30 A. M. 
MARINE SESSION 


Under auspices of Committee on Applications to Marine Work, 
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16. 


L. C. Brooxs, Chairman 


Historical Review of Electrical Applications on Shipboard, 
H. L. Hibbard and Wm. Hetherington, Jr., both of Cutler- 
Hammer Mfg. Co. 

A review of the progress in electrical installations on vessels from 
the time of the first electric lighting system to the present day. 

The Electrical Engineer in the Merchant Marine, G. A. 
Pierce, William Cramp & Sons. 

An exposition of the responsibilities of the electrical engineer in the 


merchant marine and a plea for creation of an official rank for him 
compatible with his responsibilities and duties. 


March 1925 


ive Electrical Ship Propulsion, H. F. Harvey, Newport News 
Shipbuilding & Dry Dock Co. and W. E. Thau, Westing- 
house Electric & Mfg. Co. 


Study of main drive, control, auxiliaries, etc., used on various 
types of vessels. 5 


Fripay, 9:30 A. M. 
Mining SEssion 
Under auspices of Committee on Applications to Mining Work, 
F. L. Stonn, Chairman 


18. Coal-Mine Electrification, W. C. Adams of Allen & Garcia Co. 
A discussion of some of the most vital problems of coal-mine 
electrification and descriptions of some concrete installations. 

19. Application of Motors to Line Locomotives, W. C. Clark, 

Westinghouse Elec. & Mfg. Co. 
An analysis of the basic design data necessary for applying electric 
motors to mine locomotives. 


20. Automobile Lighting, J. H. Hunt, General Motors Research 
Corporation. 
A study of the problem of head lights, particularly with reference 
to plans for eliminating dangerous glare. 
21. A Vibration Recorder for Pathological Analyses, by C. I. 
Hall, General Hlectrie Co. 
The design characteristics of an instrument to be used by physi- 


cians for recording the tremors of a patient, and to resolve the 
motions into their vertical and horizontal components. 


Fripay, 2:00 P. M. 
INDUSTRIAL SESSION 
Under auspices of Committee on General Power Applications, 
A. E. Water, Chairman 


22. Load-Building Possibilities of Industrial Heating, C. L. 
Ipsen, General Electric Co. 


A survey of the use of electric heating for steel treating, copper and 
brass annealing, vitreous enameling, glass annealing, baking ovens, 
and impregnating tanks. 


23. A High-Frequency Induction Furnace Plant for the Manu- 
facture of Special Alloys, P. H. Brace, Westinghouse 
Elec. & Mfg. Co. 


f Description of production on a commercial scale of very pure 
special alloys by means of a high-frequency induction furnace. 
Complete data are given on the furnace and its operation, the 
high-frequency power plant and the electrolytic iron refinery used 
in conjunction with the furnace. 


24 Electrically Heated Lead, Solder and Babbitt Pots, J. C. 
Woodson, Westinghouse Elec. & Mfg. Co. 


Discussion of design and theory of electrically heated pots with 
much detailed data useful to both designer and user. : 


25. Synchronous-Motor Drive for Rubber Mills, C. W. Drake, 
Westinghouse Elec. & Mfg. Co. 
A study largely applying to the use of dynamic braking of syn- 
chronous motors. b 


26. Use of Purchased Power in Glass Manufacture, A. L. 
Harrington, Pittsburgh Plate Glass Co. 


Deals largely with the installation of electrical equipment in a 
large plate-glass factory. Unusual conditions in some places call 
for special design and construction. 


Cleveland Regional Meeting Postponed 


The regional meeting announced for May 22-23 in Cleveland 
has been postponed. As the Spring Convention will be held in 
St. Louis, April 13-17, and this will be followed shortly by the 
Annual Convention, June 23-27, it was thought inadvisable to 
hold the Cleveland meeting at the time originally chosen. 
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One-Day Convention For Students to be 
Held in Philadelphia 


A one-day meeting, especially for enrolled Students of the 
Institute, will be held in Philadelphia, Monday, March 9th, 
under the guidance of the Philadelphia Section. This meeting 
will be patterned after a regular Institute Convention with a 
technical session, inspection trips and an evening meeting. 
EKlectrical engineering students will attend from at least nine 
colleges located in or near Philadelphia. 

The meetings will be held in the Engineering Building, Uni- 
versity of Pennsylvania, with the Moore School of Electrical 
Engineering as host. The technical session will start at 10:30 
a.m. and will include papers by students from several colleges. 
The Moore School will also be host at the midday luncheon; 
at 2-30 p.m. inspection trips will be made to several points of 
interest. The dinner at 6:30 p.m. will be combined with the 
regular Philadelphia Section Dinner. 

At the evening meeting, starting at 8:15 p.m., President 
Farley Osgood will speak on, ‘‘What a College Man Goes up 
Against and How to Meet It.’’ After the address there will be 
entertainment by Moore School students. The regular Phila- 
delphia Section meeting will be combined with this meeting. 


Future Section Meetings 
Baltimore 


The Pallophotophone, by Dr. C. A. Hoxie, General Electric 
Co. March 20, 8:15 P. M., Johns Hopkins University. 


Power from Waste Fuel, by Messrs. Coulter and_Schnure, 
Bethlehem Steel Co. April 17, 8:15 P. M., Sparrows Point, Md. 
Erie 


Pantents and Iventions, by A. A. Buck, General Electric Co. 
March 17. 


Automatic Substation. April 21. 


Fort Wayne 


Talk relative to Traction Work by R. M. Feustal, President, 
Indiana Service Corporation. Moving pictures. To be held 
at G. E. Club Rooms, Building 16-2, 8;00 P.M. March 19. 


Inspection trip to the new automatic telephone exchange, 
corner Barr and Berry Streets. Mr. E. L. Gaines will have 
charge of the meeting. April 23, 8:00 P.M. 

Lynn 


The Origin of Life, by Dr. Harlow Shapley, Astronomer, 
Dr. G. H. Parker, Biologist, and Dr. Kerstog Lake, Theologian. 
Annual Dinner. March 28, New Ocean House, Swampscott. 


New York 


The Engineer as an Executive. A joint meeting of the 
New York Sections of the A. 8. C. E., A. S. IM, Ee Ake MAE. 
and the A. I. E. E. and also the New York Electrical Society. 
Each organization will provide a speaker to cover the subject 
from the viewpoint of their particular field. Final details are 
not yet available. Meeting will be held in Auditorium, Hngi- 
neering Societies Bldg., 33 West 39th St., New York, on Wed- 
nesday evening, March 18, 1925. 


St. Louis 
Electrical Transmission af Pictures. March 25. 
National Spring Convention. April 13-17. 
Seattle 


Broadcasting by Radio and Long Lines, by J. W. Greig and 
J. R. Tolmie. March 18. 


Economics of Transmission-Line Design, by E. A. Loew. 
April 15, Tacoma. 


Vancouver 
’ Main-Line Railway Electrification, by R. Beeuwkes. March 6. 
Power-Factor Correction, by R. L. Hall. April 3. 
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A. I. E. E. Midwinter Convention 


The Midwinter Convention of the Institute, which was held in 
New York, February 9-12, was an outstanding success both 
in regard to the character of the papers presented and the large 
attendance. Nearly fifteen hundred members and guests regis- 
tered for the Convention, which places it among the largest 
gatherings the Institute has ever held. 

It has become a tradition that the Midwinter Conventions of 
the Institute are the most highly technical of any of its meetings, 
and entertainment features of all kinds are subordinate to the 
work of presenting and discussing papers reflecting the most 
recent and important developments or problems in the electrical 
field. 

In this respect, the last Midwinter Convention came 
thoroughly up to this tradition, as the papers generally were 
of very high standard and the discussions gave evidence of a 
detailed study and digestion of the papers in advance; in fact, 
more than half of the disecussers presented carefully prepared 
written discussion. It was also noticeable that the attendance 
at the technical sessions was unusually good. The auditorium 
was comfortably filled during most of the sessions, some of which 
were extended far beyond their scheduled time of adjournment. 


COMMITTEE MEETINGS 


During Convention week, there was unusual activity among 
the Committees, and numerous meetings were held, including 
the following: Constitution Revision; Meetings and Papers; 
Publications; Standards; General Power Appliances, Power 
Generation, Power Transmission and Distribution; Protective 
Devices; and the Coordinating and Executive Committees of 
Geographical District No. 1: (Northeastern). 


-ENTERTAINMENT AND TRIPS 


The entertainment features of the meeting were well attended 
and were thoroughly enjoyed. On Monday evening, the New 
York Section proved to be a most cordial host at the smoker 
which it gave to allmembers. Specialties of this occasion were a 
mystifying magician, the singing of ‘“‘Happiness Boys” and a 
news picture just released. The largest attendance (591) 
recorded at a New York Midwinter dinner-danece, was present on 
Thursday evening at the Hotel Astor. 

Many of those at the meeting took advantage of the opportu- 
nity to make inspection trips. The two special trips,—namely, to 
the Hudson Avenue Plant of the Brooklyn Edison Company and 
to the Bell Telephone Laboratories, Inc.,—were well patronized. 
In addition, there were many other trips made by individuals 
and small groups. 

The General Convention Committee and the Meetings and 
Papers Committee deserve the hearty congratulations of the 
membership for the successful manner in which both the technical 
and social features of the Convention were carried out. 


TECHNICAL SESSIONS 
Monpay, 2:30 Pp. m. 

The first technical session was called to order at 2:30 o’clock 
Monday afternoon by President Osgood, who spoke briefly with 
regard to the advisability of holding the Midwinter Convention 
every other year in New York City and in the alternating years, 
having the meetings convene in one of the Atlantic Coast cities 
not far from New York. 

He also spoke of the Regional Meeting, of which there will be 
several this year, and pointed out that, due to the growth of the 
Institute, there was neither time nor room at the National 
Convention to present all of the information on electrical en- 
gineering matters that should be given consideration at that time. 
It was therefore proposed to raise the Regional Meetings up to 
the standard of National Conventions, so that much of the ad- 
vance in the art might be promulgated through the Regional 
Meetings, thereby relieving the load now resting on the National 
Conventions. He also mentioned the enthusiastic meetings 
which he had attended in the West following the Pacific Coast 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


Convention, and in closing, referred to the Engineering Founda- 
tion and the desirability of increasing its endowment to an ex- 
tent which will yield a million dollars a year for research work, 
to be carried on under the auspices of the four Founder Societies 
or the National Research Council. 

President Osgood then called upon the authors of the papers 
scheduled for the first session, to abstract them as briefly as 
possible, following which the discussion on any or all of the 
papers would be taken up together. Papers were abstracted as 
follows: A New A-C. General-Purpose Motor, by H. Weichsel; 
The Sincle-Phase Induction Motor, by L. W. Perkins; The 
Effect of Full-Voltage Starting on Induction Motors, Dyanna 
Rylander; Another Form of Self-Excited Synchronous Induction 
Motor, by Val. A. Fynn. These were followed by a very full 
discussion, presented by the following: Chas. F. Scott, W. L. 
Upson, R. E. Ferris, V. Karapetoff, L. W. Perkins, W. C. Kalb, 
H. L. Wills, F. G. Baum, R. E. Dougherty, A. M. MacCutcheon, 
K. L. Hansen, (read by C. N. Johnson), W. B. Hall, C. H. Sonn- 
tag, P. H. Thomas, George S. Smith, F. C. Hanker and 
H. Weichsel,—followed by the closures of the authors. 


Monpay, 8:00 p. Mo. 


The Smoker and entertainment given under the auspices of 
the New York Section, was held at the Hotel Astor. Mention 
of this has already been made elsewhere. 

The entertainment was thoroughly enjoyed and the Belvedere 
Room of the Hotel was filled to capacity. 


Turspay, 10:00 4. M. 


The Session was called to order by President Osgood, who was 
assisted by P. H. Thomas, Chairman of the Committee on 
Transmission and Distribution, under whose auspices the Session 
was held. The following papers were presented in abstract: 
The Artificial Representation of Power Systems, by H. H. Spencer 
and H. L. Hazen, Power-System Transients, by V. Bush and R. D. 
Booth, Testing Impregnated-Paner Insulated Lead-Covered 
Cables, by Everett S. Lee, Predicting Central-Station Demands 
and Outputs, by F.C. Ralston. The paper on The Thermal 
Time Constants of Electrical Machines, by A. E. Kennelly was 
scheduled to be presented at the Tuesday afternoon Session, but 
by general consent this was transferred to the closing portion of 
the morning Session in view of Professor Kennelly’s inability to 
attend the afternoon Session. An ‘enthusiastic discussion of 
these papers followed by Messrs. E. L. Moreland, V. Karapetoff, 
F. C. Hanker, C. L. Fortescue, F. G. Baum, D. W. Roper, F. W. 
Davidson, J. B. Whitehead, R. W. Atkinson and W. A. Del Mar. 


TurEspay, 2:30 Fr. M. 

This Session was held under the auspices of the Committee on 
Hlectrical Machinery; H. H. Hobart, Chairman, was prevented 
from attending due to illness, and the meeting was called to order 
by President Osgood, who requested the presentation of the 
following papers: Squirrel-Cage Induction Motor Losses, by 
T. Spooner, Complete Synchronous-Motor Characteristics, by 
J. F. H. Douglas, E. D. Engeset and R. H. Jones, and Factors 
Affecting the Design of D-C. Motors for Locomotives, by R.E. 
Ferris. An unusually thorough and protracted discussion of 
these papers followed, in which the following members took part: 
Messrs. W. E. Davis, C. L. Dawes, C. F. Hansen, J. A. Dunean, 
H. Halperin, C. F. Wagner, R. C. Bergvall, E. J. Rosch, I. M. 
Stein, V. Karapetoff, V. M. Montsinger, W. B. Kouwenhoven, 
C. M. Laffoon, G. E. Luke, E. B. Paxton, P. L. Alger, O. E. 
Shirley, A. M. MacCutcheon, H. Weichsel and Q. Graham. 


Tunspay, 4:30 p. m. 

The Board of Directors of the Institute held its regular 
monthly meeting at this time, a resumé of which is given in 
another column. 

Wepnespay, 10:00 a. m. 

This Session was presided over by President Osgood, assisted 

by J. H. Morecroft, Chairman of the Electrophysies Committee, 
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under whose auspices this Session was held. The following 
papers were presented in abstract: Study of Direct-Current 
Corona in Various Gases, by F. W. Lee and B. Kurrelmeyer 
Effect of Repeated Voltage Application on Fibrous Insulation by 
F. M. Clark, Corona in Oils, by A. C. Crago and J. K. Aodnnite, 
Stresses in Bus Supports During Short Circuits, by O. R. Schurig 
and M. F. Sayre. Discussion of these followed by Messers. 
J. B. Whitehead, F. W. Lee, B. Kurrelmeyer, H. W. Fisher, 
M. F. Skinker, Jos. Slepian, G. E. Luke, D. Bratt, A. C. Crago, 
J. A. Dunean, H. Halperin, Everett Lee, R. W. Atkinson, F. W. 
Peek, Jr., D. W. Roper. 


Wepnespay, 8:15 p. M. 


One of the most enjoyable features of the Convention was the 
presentation of the Edison Medal to John White Howell, “for 
his contributions to the development of the Incandescent lamps.” 

This was followed by an address by Major-General Patrick, 
head of the United States Air Service, who first showed a reel of 
motion pictures illustrating the various uses made of the aircraft 
in warfare, after which he explained the features presented by 
the picture in greater detail. A more detailed account of the 
Edison Medal Award will be found elsewhere in this issue. 


Tuurspay, 10:00 a. Mm. 


This Session was under the auspices of the Committee on 
Instruments and Measurements, of which Professor A. E. 
Knowlton is Chairman. He assisted President Osgood in pre- 
siding, and the following papers were presented: Electrical 
Measurements of Physical Values, by Perry A. Borden, Use of the 
Oscillograph to Measure Mechanical Phenomena, by Harvey L. 
Curtis, Temperature Errors in Induction Watthour Meters, by 
IT. F. Kinnard and H. T. Faus, Storage-Battery Electrolytes, by 
G. W. Vinal and G. M. Schramm. Discussion followed by: 
H. B. Brooks, J. R. Craighead, F. V. Magalhaes, Alexander 
Nyman, Everett S. Lee, C. E. Skinner, J. W. Legg, C. H. Sharp 
and J. L. Woodbridge. 

Tuurspsay EVENING 

The closing feature of the Convention was the dinner-dance 
at the Hotel Astor on Thursday evening. This was attended by 
over 500 members and guests. It has grown to be a traditional 
event of the Midwinter Convention, and, as usual, proved a 
most delightful and successful affair. 

The personnel of the Convention Committee, to whose efforts 
the success of this convention arrangement is attributable, com- 
prised the following: Messrs. L. F. Morehouse, H. H. Barnes, Jr., 
W. S. Gorsuch, E. M. Meyer, L. W. W. Morrow, H. 8.Sheppard, 
H. A. Kidder, F. M. Feiker, J. C. Parker, J. B. Bassett, A. F. 
Dixon, E. E. Dorting, C..R. Jones, F. A. Muschenheim, R. A. 
Paine, Jr., G. W. Alder, H. E. Farrer, 8S. P. Grace, C. B. Keyes, 
R. L. Shepherd, C. E. Stevens, A. E. Waller, T. S. Bacon, 
CG. M. Gilt, G. E. Hall, H. Y. Hall, C. M. Schaeffer, W. K. 
Vanderpoel, R. H. Tapscott, D. L. Galusha and H. R. Woodrow. 


The Edison Medal Presented to 
John White Howell 


One of the most pleasant and impressive features of the Mid- 
winter Convention was the presentation of the Edison Medal to 
John White Howell on Wednesday evening, February 11th. 

President Osgood presided, opening the meeting by stating 
that the time was very fitting, on the 78th birthday of Thomas A. 
Edison, for the members of the Institute to assemble to honor 
a gentleman through a Foundation bearing the name of Thomas 
A. Edison. He then called upon Secretary Hutchinson to 
explain the significance of the Edison Medal. 

Mr. Hutchinson, in a few brief remarks, explained that the 
Edison Medal was founded by a group of friends of Thomas A. 
Edison, who desired to commemorate the achievements of a 
auarter of a century with the art of electric lighting, with which 
the name of Edison had been so conspicuously identified. It was 
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decided that the most effective means of accomplishing this 
object was by the establishing of a gold medal which might serve 
as an honorable incentive to scientists and engineers to maintain, 
by their work, the highest standard of accomplishment as set by 
Edison. The American Institute was chosen to make the awards 
from year to year, and the Edison Medal Committee of twenty- 
four members was organized. The first award was made 
in 1909 to Elihu Thomson and other awards have subsequently 
been made to Frank Julian Sprague, George Westinghouse, 
William Stanley, Charles F. Brush, Alexander Graham Bell, 
Nikola Tesla, John J. Carty, Benjamin G. Lamme, W. L. R. 
Emmet, Michael I. Pupin, Cummings C. Chesney, Robert A. 
Millikan and John W. Lieb. 

President Osgood then introduced Past-President of the 
Institute, John W. Lieb, who briefly delineated Mr. Howell’s 
work and achievement in the development of the incandescent 
lamp. His remarks were, in part, as follows: 

We have an inadequate appreciation of how meagre was then our know!l- 
edge of the laws of the phenomena and manifestations we encountered in 
our daily tasks in making practical applications of the new discoveries. 

We fail to appreciate how imperfect or utterly lacking were the tools 
and instruments required for our measurements and tests, and as for any 
guiding text books or literature, they simply did not exist and they only 
appeared from the press as difficulties were gradually overcome and solu- 
tions were found for the perplexing problems encountered. 

It is important that we should direct a retrospective glance at those 
early days of the Electrical Industries, whose beginnings have passed into 
history, for such a backward look is necessary to properly appreciate and 
evaluate some of the early achievements, 

We should be prepared to recognize the ready response that was made 
to the new conditions of progress and development as they arose, as exempli- 
fied to a notable degree in the career of the distinguished engineer whom 
we are to honor in the presentation this evening of the Edison Medal. 

A native of New Jersey, born in 1857, John White Howell came of a 
family in which inventive capacity and mechanical ability were already 
manifest in several previous generations. 

He enjoyed the benefits of a college education, attending both Rutgers 
College and Stevens Institute of Technology, and while he did not graduate 
from either, Stevens awarded him the honorary degree of Electrical Engi- 
neer in 1898. 

Early in 1881, he became particularly interested in the work Mr. Edison 
was doing in Menlo Park in preparation for the commercial production of 
the Incandescent Lamp and the development of the apparatus and equip- 
ment for the system of electrical generation and distribution which bears 
Mr. Edison’s name. : 

As early as 1881, Howell wrote a thesis on the ‘““Economy of Electric 
Lighting by Incandescence,”’ giving data on the efficiency of dynamos 
and lamps, carrying capacity of conductors, drop in house wiring, etc., 
which -appeared in 1882 as a booklet entitled ‘Incandescent Hlectric 
Lights’’; one of the earliest publications containing authoritative data in 
the new field. 

His active association with the work at Menlo Park began in July, 1881, 
first in connection with the equipment of the lamp factory for the photo- 
metric measurement and testing of incandescent lamps then emerging 
from the experimental and laboratory processes, and developing methods 
and procedure for their manufacture on a commercial seale. 

No direct reading instruments, voltmeters or ammeters, were available 
at this time——watt-meters were then not even thought of, the International 
unit of power the watt not having heen recognized until 1889—and the 
science of: photometry has as its major instrument the Bunsen bar photo- 
meter with sperm candles as the primary standards of light. 

It will then be appreciated that the passage from intensive and neces- 
sarily hasty researches and investigations to production on a commercial 
scale, with definite and accurately reproducible standards, required the 
devising of a whole series of suitable apparatus and equipment that put to 
the test the ingenuity and inventive faculty of the pioneers in the new field. 

While these efforts to place the measurements required by the new 
industry on a scientific bases were proceeding, under Mr. Howell's direc- 
tion, he also devoted his energies to improvement in the many phases of 
the lamp manufacturing problem and for each detail he devised new ap- 
paratus, improved existing devices and methods and left a permanent 
impress on the art in many directions. 

The experimental apparatus and time-consuming methods available for 
obtaining high vacua were not at all adapted to the exhausting of the globes 
for incandescent lamps and improvements in this apparatus early occupied 
his attention. 

The old Sprengel mercury pumps of the laboratory were modified Fso 
that more perfect vacua were obtained, reducing to a small fraction the 
time required, all of which contributed to making practicable an efficient 
and commercial lamp and incidentally reducing production costs. 

Many of these processes continued in use until the supercession of the 
mercury pump by mechanical methods of exhaust, supplemented later 
by chemical methods. 
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The latter, like many other fundamental inventions in this field, origi- 
nally introduced from abroad, required adaptation to American manufac- 
turing methods and Howell made the necessary improvements and modi- 
fications in the process, some of them the subject of letters patent. 

He also developed methods of clamping filaments to the leading-in-wires, 
clamp paste for joining filaments to clamps, the perfection of a seal between 
the glass and leading-in-wires, automatic filament treating machines, 
machines and apparatus for sealing in the lamps, stem-making machines, 
etc. 

While many of these inventions and improvements represented advances 
in manufacturing methods, effecting large economies in the utilization of 
labor, they were also fundamentally contributory to the continued advance 
in the efficiency of the tamp, the securing of uniformity of the product and 
improvement in the life of the lamps, and they were generally valuable in 
making the incandescent electric lamp the high quality product which is 
its conspicuous characteristic, adding enormously to the convenience and 
economy of electric lighting. 

In the introduction of the ‘‘flashing’’ processes for obtaining filaments of 
uniform cross section-and uniform iliumination, in the production of 
squirted cellulose filaments, in the introduction of the so-called ‘‘Gem”’ 
filaments and in the application of the pasted and wire-drawn Tungsten 
filaments; while he was not the original inventor of these important im- 
provements, his wide knowledge of every detail, mechanical, electrical 
and chemical, and of the art of producing an efficient lamp of high quality, 
was of incalculable advantage in securing the practical application of the 
new developments, and his contributions to the advancement of the state 
of the art are of fundamentalimportance and have served to keep the lamp 
in the forefront of the rapid progress being made in all electrical applications. 

He conducted series of investigations on the phenomena that take 
place in the vacua of exhausted lamps, the effect of the degree of exhaustion 
on the blackening of lamps and the filiing of globes with foreign gases. 

The effects of irregularity of pressure on the life of lamps connected to 
distribution systems are weil known and in the endeavor to ensure a 
proper lamp life, his attention was early directed toward improving exist- 
ing methods of regulating feeder pressure and providing reliable pressure 
indications. 

In the early 80's there being no reliable direct reading voltmeters avail- 
able, Mr. Howell developed a type of instrument for use by central stations 
which supplied the urgent need for a reliable pressure indicator, which was 
known under his name and became the standard for central station switch- 
boards until the improved Weston instruments came into the market. 

The Howell voltmeters were also constructed for portable use and other 
types based on a similar principle were designed to indicate relative pres- 
sure at feeder ends, thus securing the comparative indications for ready 
control of the voltage supplied to the lamps on the system. 

In his exhaustive tests of lamp life and its relation to the applied voltage, 
he discovered in 1888 an exponential relation of initial candle power to 
lamp life which he reported in an important paper before the American 
Institute of Electrical Engineers in that year. 

These early investigations, resulting in the determination of the exponen- 
tial ratio of 3.65 for the relation of initial candle power to hours of lamp life, 
are the basis of a law which has been found to be substantially accurate 
for a wide variety of incandescent lamp filaments. 

Beginning with his thesis on the ‘‘Economy of Electric Lighting by 
Incandescents’’ in 1881, Mr. Howell has contributed extensively to the 
technical journals, to the ProcEEpiNGs of the American Institute of Blec- 
trical Engineers and the Association of Edison Illuminating Companies. 

No appraisal of Mr. Howell’s achievements in the Electrical industry 
would be complete without an allusion to the unusual position of confidence 
and esteem to which he has attained through many years of contact with 
leaders in the industry, in which his sterling character, retiring modesty, 
good judgment and sense of fairness have won for him the confidence of 
his own immediate business associates, as well as of those with whom he 
has had less direcé relations. 

Mr. Howell has made notable contributions to progress in every detail 
of the art of making incandescent lamps, enabling the production of lamps 
of increased efficiency, longer life, more uniform quality and better adapta 
bility to commercial requirements, thus greatly extending the use of 
electric lighting and aiding in placing service from central stations within 
the reach of millions of our people. 


At the conclusion of Mr. Lieb’s address, President Osgood 
read several messages of congratulation from friends of the 
medallist who were unable to be present, including Gano Dun, 
Chairman of the Edison Medal Committee, Doctor Elihu 
Thomson, Frank J. Sprague and others. President Osgood then 
presented the medal to Mr. Howell, who, in receiving it, spoke as 
follows: 


As a man gets along in years his mind often turns back and thinks of 
the past and some of my pleasantest thoughts are remembrances of pieces 
of work which have been well done. Work well done makes a man’s life 
of value to his fellow men. And now to have this Committee tell me that 
I have done good work by awarding this medal is a very great comfort to 
me and it will sweeten the rest of my life. : 

As I came from my home in Newark to this meeting to-night T noticed 
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the lights and I believe every light I saw from the largest to the smalest; 
from large street lights to small automobile iights was an incandescent 
filament. And yet when I was 21 years old Mr. Edison had not yet 
invented the Incandescent Electric Lamp, and we knew only gas, oil and 
candies and an occasional electric are light. When I worked at Menlo 
Park I often went home at night on the P. R. R. and the conductors carried 
lanterns on their arms to enable them to read the tickets. ~ 

The Edison Lamp works was started in Menlo Park in the Fall of 1880, 
so 1881 was the first complete year of their operation. In 1881 they made 
35,000 lamps. Now the G. E. Co. makes 1000 lamps every minute of every 
working day and the G. E. Co. together with other lamp manufacturers all 
over the world, who work under the patents of the G. E. Co. make over 
3000 lamps per minute every day. 

During these years two great developments have taken place, one affect- 
ing the quality’ of the lamp, and one affecting the cost and manufacturing 
facility. Improvements in quality have been made by changes in the 
filament, vacuum and other details inside the lanip. I will consider this 
quality development in three periods. 

1. The period of the carbon filament. 

2. The short period in which the metallized filament and the tantalum 
filament held the field, and 

3. The period of the tungsten filament. 

The carbon filament was alone in the field from 1880 to 1905. During 
this time a great advance was made. The treated filament was developed 
to its full value, the squirted cellulose filament was introduced, and so was 
the phosphorus exhaust. These and other minor developments improve 
the quality of the lamp greatly. Any improvement in lamp quality may 
be utilized in two ways; the life of the lamp may be kept the same and its 
efficiency increased; or the efficiency may be kept the same and the life 
increased. 

It has been the poiicy from the beginning to keep the life constant and 
utilize all the improvements in increasing the efficiency. So during the 
carbon filament period the efficiency increased from 1.68 lumens per watt 
to 3.4 lumens per watt. In order to compare the relative quality of two 
lamps we may compare the seventh power of the two efficiency figures, or 
we can compare the lives of the two lamps at the same efficiency. If we 
do this we will find that the 1905 carbon filament lamp if tested at the effi- 
ciency of the 1881 lamp wili have a life 139 times as tong as the life of the 
1881 lamp, so we say the vaiue of the 1905 lamp was 139 times the value 
of the 1881 pump. 

The metallized carbon filament invented by Dr. Whitney of the Research 
Lab. of G. E. Company was introduced in 1905 and the result was a lamp 
which had a value 4.77 times the value of the 1905 carbon filament lamp. 
A year or so later the tantalum filament lamp invented by Von Bolton was 
introduced with the result that there became available a lamp having a 
value 2.71 times that of the metalized carbon filament lamp. 

Both the metallized carbon filament and the tantalum filament lamp 
promptly gave way and were displaced as a result of the remarkable im- 
provement brought about by the introduction of the tungsten filament 
lamp in 1907. This is the lamp which reigns supreme today. Like all 
other forms of the incandescent lamp it has been improved and its efficiency 
increased by the engineering and development work which has been spent 
upon it, but it is still the tungsten filament lamp, and owes its efficiency 
and value to the use of tungsten as the filament. Since 1907 the filament 
has been changed from a squirted filament to the drawn tungsten wire 
invented by Dr. Coolidge of the Research Laboratory; the exhaust process 
has been developed and improved: and tungsten filaments of different 
crystalline structure have been developed fur use in different types of 
lamps. This work and development includes a number of improvements 
which are inventions in themselves. The efficiency of the 40 watt tantalum 
filament vacuum lamp of 1906 was 4.9 lumens per watt. The efficiency of 
the tungsten filament vacuum lamp today is 1.03 lumens per watt. Com- 
pared on the basis of lives at the same efficiency the tungsten filament 
lamp of 1925 has 180 times the value of the tantalum filament lamp of 1906. 

During the 44 years of the history of the incandescent lamp its efficiency 
has improved from the 1.68 lumens per watt of the original carbon filament 
lamp of Edison to the 10.3 lumens per watt of the modern vacuum tung- 
sten filament lamp of today. In other words, the value of the tungsten 
filament vacuum lamp of 1925, when compared with the carbon filament 
lamp of 1881 is 325,000 times as great. 

So far I have considered only the vacuum lamp. The gas filled lamp of 
Dr. Langmuir’s made an enormous improvement especially in large 
lamps. During the year in which the gas filled lamp was introduced we 
made 500 watt tungsten filament lamps of both kinds—vacuum and gas 
filled. The vacuum lamps gave 8.17 lumens per watt and the gas filled 
lamps gave 14.44 lumens per watt. The gas filled lamp would last 54 
times as long as the vacuum lamp at the same efficiency. 

The gas filled lamp completed the triumphs of the incandescent lamp, 
it has enabied the incandescent lamp to enter the field of very large lamps 
and special lamps; it has practically driven the arc lamp out of the market, 
and made street lighting better and cheaper than ever before. Its use is 
being extended constantly and will continue to be still more extended. 
Aieee cen = lamp omit has been with us from the beginning. 

chief difficulty 1X sti a i i . 
which adheres to carneteacere aie ne 2 ae or geet 
: : " glass. > amount of this moisture 
is very considerable and can be liberated by heating the glass. As the 
glass is heated hotter and hotter, even up to the softening temperature 
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of the glass, more and more moisture is liberated, so during or immediately 
before exhaustion the lamp must be heated to a temperature considerably 
higher than it will attain under any condition of use. In practise we 
heat the lamp as hot as practicable and to at least 300 deg. cent. After 
the moisture is driven from the glass, the problem is to get rid of it. Dur- 
ing the first 15 years of the history of the lamp the exhausting was done on 
mercury pumps which would not pump out this water vapor, so it was 
absorbed by phosphoric anhydride in a glass cup placed to bring the dryer 
as close as possible to the lamp, but even then the absorbing action took 
place through the exhaust tube which was of small diameter and about 
2% inches long. This absorption took considerable time and exhausting 
an ordinary lamp in this way took a half an hour. The modern way of 
getting rid of this water vapor and other residual gases is by chemicals. 
An Italian engineer—Malignani, discovered that phosphorus vaporized 
in the lamp under proper conditions precipitated all water vapor and all 
other gases remaining in small quantities in a lamp after it had been ex- 
hausted to a vacuum less than one millimeter pressure. He painted the 
inside of the exhaust tube with red phosphorus and exhausted the lamp ona 
fast mechanical pump. When the vacuum was under one millimeter the 
lamp was lighted to high incandescence and a blueglow appeared all through 
the bulb. The connection with the pump was then closed and the phos- 
phorus heated, driving a lot of phosphorus vapor into the bulb while the 
blue glow filled the bulb. The blue glow instantly disappeared and a good 
vacuum resulted. The exhaust tube was then sealed off from the bulb. 
By this method lamps were exhausted in about one minute, the lamps being 
thoroughly heated before they were put on the pump. In the present day 
practise the phosphorus is applied as a coating on the filament—the lamp 
is exhausted on a highly developed rotary vacuum pump to a pressure less 
than one tenth of a millimeter of mercury. The lamps are well heated be- 
forehand, but are not lighted up during exhaustion. After the lamps have 
been sealed off and based they are lighted up bright—a blue glow appears 
in the lamp which immediately disappears leaving a good vacuum of less 
than one thousandth of a millimeter pressure of mercury. While we have 
used this phosphorus exhaust for 30 years we do not yet fully undertsand 
its action. We believe its action is not entirely chemical, because other 
materials will condense or clean up water vapor, oxygen, hydrogen, nitro- 
gen, CO or CO:. We believe that a chemical action takes place with 
oxygen and water vapor and that the products of these combinations are 
carried to the surface of the glass and held there. Wealso know that under 
the condition of ionization indicated by the blue glow, gases which do not 
combine chemically with phosphorus are carried to the glass and held there 
permanently. These gases may be liberated in the lamp in their original 
condition if the glass be heated again hot enough to vaporize the phosphorus. 

We believe that phosphorus has a continuing action during the life of 
the lamp in case any oxygen or water vapor is liberated in the lamp. 

We believe that the phosphorus acts solely to get and keep the vacuum. 
{t acts on gases only. Phosphorus used in this way is called a “‘getter’’— 
it gets the vacuum-—it is used in all vacuum lamps. 

The difficulty in understanding this action of phosphorus is realized 
when we know that other materials which are chemically inactive under 
ordinary conditions have the same action as phosphorus which is active 
chemically. With these other materials it seems that the action must be 
mechanical in its nature. 

Thefe is another kind of getter also used in all vacuum lamps, the action 
of which is to reduce the blackening of the lamp. ‘This getter is usually a 
halozen compound, such as a fluoride, and it is applied to the filament as a 
coating. In practise it is mixed with the phosphorus and the mixture is 
put on the filament. Wnen the lamp is flashed after exhaustion the getter 
vaporizes and condenses on the bulb whereitremains. During the life of 
the lamp atoms of tungsten fly from the hot filament to the bulb and slowly 
blacken the bulb. This getter reduces this blackening very much. 

The action of thus fluoride getter to reduce blackening is shown by 
putting inside a lamp a thin piece of glass about the size of a dime. After 
the filament has been flashed and the getter vaporized this small piece 
of glass is moved away from the place it occupied when the getter was 
vaporized. The lamp is then burned on life test and the spot which was 
covered by the glass blackens very much more rapidly than the rest of the 
bulb. 

Developments affecting the cost and manufacturing facilities have been 
going on during the entire history of the lamp. In 1881 no glass working 
machinery existed. All glass work was done by skilled glass workers. 
Today no skilled glass workers are employed in the factory. In the 
beginning bulbs were blown from glass tubing by skilled labor. Later they 
were blown directly from the glass furnace by skilled labor. Now they are 
made by an entirely automatic machine. A large frame or turn table 
which carries a good many separate bulb blowing units, rotates in front of 
the open mouth of the furnace full of molten glass. An arm of a bulb 
blowing unit reaches into the furnace and picks up a measured amount of 
glass which is shaped, placed on the end of a blow pipe, and then a mold 
closes about it while air pressure through the blow pipe blows it into a 
bulb just the size and shape of the mold. The mold opens and the bulb 
is delivered automatically to another machine which cuts off the surplus 
glass, leaving the bulb all ready for use. One of these machines will make 
over 50,000 bulbs in 24 hours and three of these machines take glass from 
one big tank of molten glass. ; 

The inside part or stem is also made on an automatic machine. The three 
glass pieces which compose it are automatically fed to the machine, held in 
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their proper relative positions, and sealed together. In this sealing the 
inner end of the exhaust tube, which is the small tube projecting out of 
the flare end of the stem tube, is sealed into the flat glass which forms the 
wire seal, then a jet of air blows into the outer end of the exhaust tube and 
blows an opening from the exhaust tube through the soft mass of glass, 
and this opening makes the connection between the exhaust tube and the 
inside space of thelamp. It is through this tube that the lamp is exhausted. 
This construction puts the tip made by sealing off the tube inside the base 
of the lamp, removing it from the round end of the bulb where it has always 
been regarded as an objectionable feature of the lamp. 

The stem is then put on another automatic machine which inserts the 
filament supports, after which the filament, which is a very strong tungsten 
wire, is draped on the supports by hand. ‘Then the two parts, the bulb and 
the mount, are put in their proper relative positions on the sealing-in 
machine and the flared end of the stem is sealed in the open neck of the 
bulb, thus completing the structure of the lamp. 

While on the sealing machine the glass bulb and stem are heated very 
hot and they are placed on the exhaust machine in this hot condition. 
The exhaust machine connects the lamp to four pumps, one after another, 
and these pumps produce a vacuum in the lamp of about one tenth of a 
millimeter of mercury. The filament is not lighttd during exhaustion. 
The lamp is automatically sealed off and delivered to the basing machine. 
After basing the lamp is lighted to high incandescence, the blue glow comes 
and goes and the lamp is finished. 

As a result of these improvements briefly referred to, the number of lamps 
produced per operator per hour is now 150 times the number produced per 
operator per hour in 1881. 


At the close of Mr. Howell’s remarks, he was tendered a rising 


vote of congratulation, which coneluded the presentation 
ceremony. 


The remainder of the evening was devoted to the lecture by 
Major-General Patrick of the United States Air Services, on the 
subjeet of military air-craft and their uses, to which allusion has 
been made elsewhere in this issue. 


District No. 1 Will Hold Another Regional 
Meeting 


Geographical District No. 1 is planning to hold its second 
regional meeting on May 7, 8 and 9 at Swampscott, Mass. A 
three-day meeting is planned for Thursday, Friday and Saturday, 
and there will be an excellent program. Two of the major tech- 
nical subjects covered will be cables and live changing of trans- 
former ratios. There will also be papers on generator testing, 
needle gaps, education and other topics. 

Entertainment and inspections have been well planned and a 
good meeting is assured. 

District No. 1 was the pioneer in inaugurating the first regional 
meeting, the one held in Worcester last year, and the coming 
meeting is being watehed with great interest by Institute 
members. 


Open House for Engineers at Oklahoma 
University March 17 


A St. Patrick’s Day celebration known as the Engineering 
Open House will be held on March 17 by the engineering depart- 
ments of the University of Oklahoma. Everyone in the Uni- 
versity and in the State is invited to the affair. All electrical 
displays will be in charge of the A. 1. BE. E. Branch while other 
demonstrations will be in charge of the other engineering depart- 
ments. The new $100,000 Engineering Building will be the scene 
of the celebration. 

The engineering open house is an annual affair at the Uni- 
versity. Itis held on March 17 on account of the tradition of the 
school which holds that St. Patrick is the patron saint of engi- 
neers. Its purpose is to acquaint the public with the accom- 
plishments of the Engineering Departments. 

In addition to the engineering displays there will be a con- 
tinuous moving-picture show or other entertainment. Also 
the ‘St. Pat’s Dance” and the engineers’ banquet are held during 
the same week. 
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A. I. E. E. Directors’ Meeting 


A meeting of the Board of Directors of the American Insti- 
tute of Electrical Engineers was held at Institute headquarters, 
New York, on Tuesday, February 10, 1925, during the Midwinter 
Convention. 

There were present: President Farley Osgood, Newark, N. J., 
Past President Frank B. Jewett, New York; Vice-Presidents 
J. E. Maedonald, Los Angeles; S. E. M. Henderson, Toronto; 
H. E. Bussey, Atlanta; Edward Bennett, Madison, Wis. ; Harold 
B. Smith, Worcester, Mass.; L. F. Morehouse, New York; 
H. W. Eales, St. Louis; Managers R. B. Williamson, Milwaukee; 
A. G. Pierce, Cleveland; Harlan A. Pratt, Hoboken, N. J.; 
W. K. Vanderpoel, Newark, N. J.; H. P. Charlesworth, New York; 
H. M. Hobart, Schenectady; G. L. Knight, Brooklyn, N. Y.; 
John B. Whitehead, Baltimore; J. M. Bryant, Austin, Tex.; 
E. B. Merriam, Schenectady; Treasurer George A. Hamilton, 
Elizabeth, N. J.; Secretary F. L. Hutchinson, New York. 

A report was presented of a meeting of the Board of Examiners 
held February 5, and the actions taken at that meeting were 
approved. Upon the recommendation of the Board of Exam- 
iners, the following actions were taken upon pending applications: 
154 Students were ordered enrolled; 464 applicants were elected 
to the grade of Associate; 4 applicants were elected to the grade 
of Member; 8 applicants were transferred to the grade of Mem- 
ber; 3 applicants were transferred to the grade of Fellow. 

The Board approved the appointment by the President of the 
following Committee of Tellers to canvass, count, and report 
upon the nomination and election ballots received in connection 
with the 1925 election of Institute officers, and the ballots on the 
constitutional amendments: Messrs. R. R. Kime (Chairman), 
W. G. Freeman, A. F. Hamdi, Elwood A. Merwin, J. W. 
Nostrand. 

Upon the recommendation of the Chairman of the Sections 
Committee, the Board granted a request to organize a Section of 
the Institute at Buffalo, N.Y., to be known as the “‘Niagara Fron- 
tier Section.” 

Upon the recommendation of the Standards Committee, it 
was voted to authorize the Standards Committee to submit to 
the American Engineering Standards Committee for adoption as 
American Standards, the A. I. E. E. Standards approved by the 
Board of Directors on January 21, namely, the Standards for 
Synchronous Converters, Instrument Transformers, and Elec- 
tric Are Welding Apparatus. 

Other matters of importance were discussed, reference to 
which may be found in this and future issues of the JouRNAL. 


Niagara Frontier Section Is Formed 

The Niagara Frontier Section is a new Section organized on 
February 2 by members located in and near Buffalo and Niagara 
Falls. The election of officers were as follows: Chairman— 
J. Allen Johnson, Electrical Engineer, Niagara Falls Power 
Company; Vice-Chairman—H. B. Alverson, Electrical Engi- 
neer, Buffalo General Electrie Company; Secretary and Treas- 
urer—A. W. Underhill, Jr., Electrical Engineer, Niagara, Lock- 
port and Ontario Power Company; Chairman Membership 
Committee—C. C. McCarthy, Westinghouse Electric & Mfg. 
Co.; Chairman Program Committee—G. H. Jump, General 
Electric Company, and Chairman Constitution Committee— 
L. C. Nicholson, Chief Engineer, Niagara, Lockport and Ontario 
Power Company. 


Nebraska Section Organized 

A new Section of the Institute, to be known as the Nebraska 
Section, was formed on February 3 at a meeting held in Omaha. 
Officers were elected as follows: Chairman, P. M. McCullough, 
Division Plant Engineer of the Northwestern Bell Telephone 
Company; Vice-Chairman, O. J. Ferguson, Dean of the Engi- 
neering College, University of Nebraska, and, Secretary- 
Treasurer, C. W. Minard, Assistant Engineer of the Nebraska 
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Power Company. -At this meeting a motion was unanimously 
carried that P. H. Patton and C. A. Robinson be extended a vote 
of thanks for their work in connection with organizing the 
Section. 

The formation of this Section and the Niagara Frontier Sec- 
tion mentioned in this issue brings the total number of Institute 
Sections up to forty-nine. 


Comments Requested on Preliminary 
Drafts of Standards 


In the progress of the work of the revision of the A. I. E. E. 
Standards, four more sections of the Standards have been brought 
by the working committees to a point where the comments of 
the general Institute membership are desired prior to their 
presentation for adoption as Institute Standards. These sec- 
tions are as follows: 

No. 5—Direct Current Generators and Motors. 

No. 7—Alternators, Synchronous Motors and Synchronous 
Machines in General. 

No. 16—Railway and Mine Locomotive Control Apparatus. 

No. 39—Resistance Welding Apparatus. 

These drafts of standards have been prepared by working 
committees in whose appointment every effort has been made to 
select the men from all branches of the art most competent to 
contribute directly to the development of an accurate and gener- 
ally acceptable set of standards. Before their adoption as Insti- 
tute Standards, however, the procedure is being followed of 
submitting each section to the Institute membership for com- 
ment and criticism. Copies of each of the four reports noted 
above are now available, without charge, and all who are inter- 
ested are requested to apply for copies to Institute Headquarters. 

In order that these reports may be revised and adopted 
as Institute Standards this Spring, it would be necessary for 
all comments to be in within a period of one or two months. 


On the Design for a Bifilar Type of Non- 
Reactive Resistance Coil 


By Prorressor H. Nukryama anp Mr. Y. SHosI oF Japan. 

The above paper has been communicated to the Institute and 
is printed in separate pamphlet form. 

The authors show that when a bifilar resistance is made up of 
fine insulated manganin wire, the distribution capacitance be- 
tween the going and returning conductors may give rise to a very 
appreciable error, when the resistance is used in alternating-cur- 
rent measurements. The amount of this capacitance error was 
measured over a range of telephonic frequencies, in a particular 
bifilar resistance, and was found to conform to computation, by 
considering the bifilar resistance as a twin-wire cable, using the 
ordinary hyberbolie-function formulas. 

It is shown that by winding the bifilar resistance on a bobbin 
and dividing it into sections, error can be made negligibly small. 
Thus, a bifilar winding of 100,000 ohms can be made to have a 
phase-angle error of less than five deg. at 5000 cycles per sec., 
by winding its coil in thirty different sections, or about 3300 
ohms per section. 

Copies of the paper in complete pamphlet form may be 
obtained, free to members of the Institute, on application to 
the office of the Secretary. 


Scholarship in Electrical Engineering at 
Columbia University 


The governing bodies of Columbia University have placed 
at the disposal of the American Institute of Electrical Engineers 
each year a scholarship in Electrical Engineering in the Schools 
of Mines, Engineering and Chemistry of Columbia University. 
The scholarship pays $350 toward the annual tuition fees which 
vary from $340 to $360, according to the details of the course 
selected. Reappointment of the student to the scholarship for 
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the completion of his course is conditioned upon the maintenance 
of a good standing in his work. 


To be eligible for the scholarship, the candidate recommended 
will have to meet the regular admission requirements, in regard 
to which full information will be sent without charge upon appli- 


cation to the Secretary of the University or to the Secretary of 
the Institute. 


In a letter addressed to the Secretary of the Institute, an appli- 
eant for this scholarship should set forth his qualifications (age, 
place of birth, education, reference to any other activities, such 
as athletics or working way through college, references and 
photograph). A committee composed of Messrs. Francis Blos- 
som, H. C. Carpenter and W. I. Slichter will consider the appli- 
cations and will notify the authorities of Columbia University 
of their selection of a candidate. The last day for filing appli- 
cations for the year 1925-26 will be June 1, 1925. 

The course at the Columbia School of Mines, Engineering 
and Chemistry is three years, and is on a graduate basis. A 
candidate for admission must have had something of a general 
education, including considerable work in mathematics, physics 
and chemistry. Three years of preparatory work in a good 
college or scientific school should be sufficient if special attention 
has been given to the three preparatory subjects mentioned. 
A college graduate, with a Bachelor of Science degree in engi- 
neering, can generally qualify to advantage. The candidate is 
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RECOMMENDATIONS FOR FUTURE STANDARDS 

The American Society for Testing Materials has been desig- 
nated by the A. E. S. C. to sponsor a sectional committee on 
specifications for hard drawn copper wire and medium hard 
drawn copper wire and specifications have been submitted and 
approved, subject to revision through the regular sectional com- 
mittee before acceptance as American Standards. The Society’s 
specifications for tinned, soft or annealed copper wire and rubber 
insulation have been submitted to the sectional committee on 
insulated wires and cables. 

Following considerable discussion, the special committee 
acting on railway and highway bridge work at its January 7th 
meeting, voted the following recommendation: 

1. That work on highway bridges should be allowed to 
develop further before attempting national standardization 
through a sectional committee. 

29 hat the unification of railway bridge specifications 
should be undertaken under a thoroughly representative sec- 
tional committee, and that the American Railway Engineering 
Association and the American Society of Civil Engineers should 
be invited by the A. E. S. C. to act as joimt sponsors for the 
sectional committee. 

Work is also under way through the organization of five tech- 
nical working committees for the standardization of radio receiv- 
ing apparatus, with a sub committees on; Transmitting and 
Receiving Sets and Installation. Arthur Van Dyck, of the Radio 


- Corporation of America, is Chairman; on Component Parts 


and Wiring, L. G. Pacent, of the Radio Club of America Chair- 
man; on ‘Vacuum Tubes, Their Mechanical and Electrical 
Characteristics, C. B. Joliffe, Bureau of Standards, Chairman; 
on Electro-Acoustic Devices, Lloyd Espenschied, Am. Tel. and 


- Tel. Co., Chairman; on Power Supply and Outside Plant, for 


the protection of Radio equipment against Lightning and 
Power lines; radiation from power lines and inductive disturb- 
ances from electrical devices and current supply from dry batteries 
and rectifying devices,—L. W. Chubb, Radio Apparatus Section, 
Associated Manufacturers of Electrical Supplies, Chairman. 
The sectional committee contains official representatives 


American Engineering Standards Committee 
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admitted on the basis of his previous collegiate record, and with- 
out undergoing special examinations. Other qualifications 
being equal, members of Student Branches of the A. I. E. E. will 
be given preference. 

The purpose of this advanced course is to produce a high type 
of engineer, trained in the humanities as well as in the funda- 
mentals of his profession. It is hoped that members will show 
a keen interest in this scholarship, so insuring the choice of a 
candidate of the highest qualifications. 


Ell well Fellowship in Electrical Engineering 


Through the generous gift of Cyril F. Ellwell, Stanford A. B. 
07 and E. K. ’08, there has been created the Ellwell Fellowship, 
available for the year 1925-26 in the Electrical Engineering 
Department of Stanford University. 

This fellowship carries with it a stipend of $500, and its 
purpose is to assist those of limited means in professional am- 
bitions along electrical lines, thus affording a fair degree of 
comfortable support during the University session without the 
necessity of doing remunerative work to add to actual income. 

To be eligible, the applicant must have at least gained the 
degree of Bachelor of Science in Hlectrical. Engineering or a 
substantial equivalent. 

A year’s work normally 


leads to a degree in Hlectrical 
Engineering. ; 
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from twenty national organizations. Professor John H. More- 
croft of Columbia University, is chairman and Doctor Alfred N. 
Goldsmith, Chief Broadcast Engineer of the Institute of Radio 
Engineers and secretary of the Institute of Radio Engineers, is 
Secretary. The Institute of Radio Engineers and the American 
Institute of Electrical Engineers are taking formal leadership 
in the sectional committee work. 

Mining Codes are also under consideration, and four codes 
have already been formulated by the committee in charge, 
among them 3. Safety in Mine Transportation, sponsored by 
the American Mining Congress and 4. Mine Illumination, 
sponsored by the Bureau of Mines. One of the main functions 
of this committee is the coordination of the work on the various 
mining standards being promulgated by the A. K. 8. C. and in 
addition to these interests are the Electric Mine Lamps, Per- 
missible Portable, Safety Rules for Installing and Using Elec- 
trical Equipment in Coal Mines, Storage Battery Locomotives 
for Use in Gaseous Mines, Specifications for the Testing and Use of 
Explosives, Screening of Ores, Drainage of Coal Mines, Under- 
ground Transportation in Coal Mines, Ventilation of Coal Mines, 
Ventilation of Metal Mines. 


THE STANDARDIZATION OF DRY CELLS IS ALSO UNDER 
CONSIDERATION 

Since 1890, when dry cells first appeared in this country, 
the industry has grown very rapidly, especially within the last 
few years, when the annual production amounted to several 
hundred million cells. 

Much preliminary work has been done by the Bureau of 
Standards in respect to the standardization of sizes and the 
revision of specifications for dry cells, resulting in the elimina- 
tion of the many unpopular sizes and bringing about considerable 
saving of productions. 

A meeting of the committee appointed by the Bureau of 
Standards to devise standard designations for the various types 
and sizes of batteries was held in New York on June 12, 1924, 
and suggestion made to broaden the work, with a view to es- 
tablishing American Standards for dry cells. The matter was 
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further discussed by members of the Associated Manufacturers 
of Electrical Supplies and put before the American Engineering 
Standards Committee for formal procedure. 

Upon recommendation of a special committee, under the 
chairmanship of F. Il. Rhodes, the Bureau of Standards was 
invited and agreed to act as sponsor for a representative sectional 
committee for the work, scope of which will be as follows: 
“Standardization of dry cells and batteries with respect to types, 
sizes, assemblies, designating system, terminal arrangements, 
markings, methods of test and possibly required minimum per- 
formance, including dry cells and batteries for telephone, ignition, 
flash light, radio and other uses.” 


TELEPHONE POLES ARE ALSO TO BE STANDARDIZED 

An interesting instance of the organized use of experts in the 
wood using industries to reduce the serious waste of our forest 
products, referred to by President Coolidge in his address to the 
National Conference on the Utilization of Forest Products, is 
the organization of a large committee of technical experts to 
develop national specifications for wood poles. The U.S. Forest. 
Service considers that standardization of forest products is 
basically important as a means to economy in timber utilization. 

These are the poles commonly used for telephone and tele- 
graph lines, and produced to the extent of something over three 
million during 1923 for the use of steam and electric railways, 
electric light and power companies. The sponsors for this project 
under the procedure of the American Engineering Standards 
Committee, are the United States Independent Telephone As- 
sociation and the Bell Telephone System, both of which have an 
important interest in developing specifications that will assure 
quality and economy in the utilization of wood poles for line con- 
struction. This project grew out of a recommendation of the 
American Electric Railway Association to the A. E. S. C. that a 
national system of such specifications should be developed, so as 
to make available to all interests the great economies possible 
under nationally uniform specifications. 

At the first meeting of the sectional committee recently held 
in New York, twenty-three members were present, representing 
seventeen of the twenty-three associations on the committee. 
The Chairman of the committee is Mr. R. F. Hosford, of the 
Department of Development and Research of the American 
Telephone and Telegraph Company; and the Secretary is Mr. 
A. B. Campbell, of the engineering staff of the National Electric 
Light Association. 

A conference on the unification of overhead line materials was 
held at the Engineering Societies Building, on January 13, 
representatives of nineteen interested organizations being 
present. 

The conference recommended by unanimous action that an 
extensive program on the unification of overhead line materials 
go forward, under the procedure of the American Hngineering 
Standards Committee. It was decided that the work should 
include cross arms, pins, pole steps, brackets and moulding; 
pole line hardware, including such items as anchor rods, bolts 
and lag screws brackets, cross arm braces, cuy fittings, pins and 
strand for suspension and guying; and strain insulators, spools, 
knobs, ete. 

There was an extended discussion as to whether work on 
insulations should be limited to low voltage material, or whether 
the other important types of insulators should be included. This 
led to the appointment of a small committee to formulate definite 
recommendations. This committee reported the 
recommendations, which were unanimously approved: 

“Certain classes of insulators have reached a stage of develop- 
ment which seems to warrant standardization; others can be 
standardized as to certain important dimensions; still others are 
in a development stage which makes attempted standardization, 
other than along the broadest of lines, of questionable wisdom. 
It is recommended that standardization in this general field be 
undertaken to such an extent as the facts developed by a sub- 
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committee, or such other agency assigned to this work, may seem 
to warrant. Of the other types, strain insulators for low poten- 
tials, spools, knobs, ete., which are used in common by the several 
branches, standardization is recommended.” The conference 
agreed that the work should include nomenclature, material 
specifications, and dimensional data. 

The following committee, advisory to the A. E. S. C. in the 
organization of the work, was appointed: 

R. F. Hosford, Chairman, American Telephone and Tele- 
graph Co., Alexander Maxwell, National Electric Light As- 
sociation, G. C. Hecker, American Electric Railway Association, 
C. C. Beck, Associated Mfrs. of Electrical Supplies, J. C. Johnson, 
Telephone Section, George Eisenhauer, [lectrical Section, 
American Railway Association. 

An important part of this committee’s work wiil be a recom- 
mendation on the question of sponsorship. All interested groups 
will participate in the work through representation of one or more 
sectional committees which will be set up for the work. 

Mr. C. E. Skinner, the Chairman of the A. E. S. C., acted as 
Chairman of the conference. 
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AMERICAN ENGINEERING COUNCIL 


NATIONAL BOARD FOR JURISDICTIONAL AWARDS 

A special investigating committee of the American Engineer- 
ing Council have proven the worth to labor of the National 
Board for Jurisdictional Award in the Building Industry after its 
five years’ trial activity. The Couneil will continue its 
affiliation with the Board through the reappointment of Rudolph 
P. Miller, former superintendent of buildings in Manhattan, 
as its representative. 

Mr. W. E. Bryan, representing the Associated Engineering 
Societies of St. Louis, asserts that the Board, in its five vears’ 
of existence, has ‘‘performed a valuable service not only to labor, 
the contractor and owner, but to the public at large.’’ The work 
of the Board, according to the committee, has been of definite 
advantage to that large branch of engineering profession engaged 
in the design and construction of building projects, actually 
dictating the conditions under which men may or may not operate. 
The committee bel'eves that engineers and architects are fitted 
both by training and nature to exercise judicial function in such 
matters since they occupy av impartial position linked with 
knowledge of correct technical procedure and effective execu- 
tion. “And the fact that the labor unions have almost univer- 
sally accepted the decision of the Board indicates their faith in 
the engineering profession. The committee feels that the Ameri- 
can Engineering Council cannot afford to overlook this evidence 
of good faith as it indicates a capacity to render public service 
which is too important to disregard.” 

Other members of the investigation committee of the American 
Engineering Council are Dean Dexter S. Kimball, of Cornell 
University, Dean Perley F. Walker, of the University of Kansas 
and W. B. Powell, of Buffalo. 

The next meeting of the National Board of Jurisdictional 
Awards has been called for March 9, 1925, at Washington, D. (Cy 
Mr. Miller to serve as chairman. 
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CARNOT CENTENARY 

The Founder Engineering Societies, the American Physical 
Society, the Americal Chemical Society and several universities 
and engineering colleges joined in celebrating on December 4, 
1924 the centenary of the publication by Nicolas Leonard Sadi 
Carnot of his great principle of thermodynamics. The cere- 
monies were in Engineering Societies Building, New York, under 
auspices of Engineering Foundation. The interesting addresses 
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March 1925 


_ by Dr. W. F. Durand, President of American Society of Mechan- 


ical Engineers, who presided, and by Prof. M. I. Pupin, of Colum- 
bia University, and Dr. W. L. R. Emmet, Consulting Engineer of 


_ General Electric Company, have just been printed in a booklet 


along with a copy of a portrait of Carnot made in 1817. The 
pamphlet may be obtained by request to Engineering Founda- 
tion, at 29 West 39th Street. 
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EXTRACTS FROM THE PRESIDENT’S REPORT FOR YEAR 1924 


During the year 1924, care of trust funds has received a major 
share of attention: Through the advice of the Finance Commit- 
tee the Board has adopted the policy for restricting all future 
investments for trusts to securities legal in New York for guard- 
ians, executors, trustees and savings banks. 

The Engineering Societies Building has been maintained in 
excellent condition and has been fully occupied. Several re- 
quests for offices have been declined,—one for nearly a whole 
floor. 

Memberships of the Founder Societies at the end of 1924 
totaled 53,007 and of the Associate Societies 27,328, an aggregate 
of 80,335 engineers having headquarters in the building. 

On February 18, 1924, Dr. Joseph Struthers, Treasurer since 
February 24, 1910, died after along illness. Jacob S. Langthorn, 
Am. Soe. C. E., was elected Treasurer at the meeting April 24 
and began his duties on that date. 


All departments of the United Engineering Society closed the 


year with credit balances. The assets for which the Society is 
responsible (real estate at cost, trust funds at book value, and 
Library as appraised) total about $3,100,000. 

EXTRACT OF REPORT OF TREASURER FOR YEAR 1924 


CasH STATEMENT, YEAR 1924 


RECEIPTS 
Cash in bank January 1, 1924........... $ 12,765.05 
Petty Cash, January 1, 1924............++-+eeee ee eee 250.00 


From Founders and Associates (Including 


Library Appropriations)..........+-- $133,107.29 


From Societies not in building........... 15,083.45 
“ Various Accounts......-.6-++-.205- 27,123.36 
“ Library Service Bureau..........-- 19,213.07 
“ Sale of Securities. ...........+.--. 73,946.68 268,473.85 


$281,488.90 


PAYMENTS 
For Operating Payroll.......--.--+++++++: $ 49,072.01 
= y EXxpenses.......-+-.. 38,977.80 
““ Hquipment, Repairs & Alterations... 8,042.13 
«© Miscellaneous, Including Taxes...... 4,570.48 


“© Purchase of Securities.......-.-++-- 39,628. 63 
“« Library Payroll and Expenses......- 57,682.67 


From Depreciation and Renewal Hand... 10,368.11 208,341.83 


Cash on hand January 1, 1925........-+++-eeeee eee: $ 73,147.07 


Distribution of Cash on Hand: 


Operating Cash. ..... 22+ -se ees e eres $ 10,254.59 


Tay COMSIls oonocndeo ao Cue nC 67 OC MOOG Cla iG co aac ae 250.00 
Depreciation and Renewal Fund Unin- 
vested Principal.....-...-++--+++++: $ 5,832.09 
Engineering Foundation Fund Uninvested 
Principal ees tae els sien eens 49,734.83 
Library Endowment Fund Uninvested 
Principaleysscmete isi leks ners 136.50 
General Reserve Fund Uninvested 
PriNCiDali ces > cue ie te et oa 2,500 .00 
John Fritz Medal Fund Uninvested Cash. 439.06 
r preciation of Capital of 
Se oS - om Re ey LOS : Rohe 4,000.00 62,642.48 
FT cytelll a Pmeene a a cnereraie re suclelexs teie/ene eels) =) $ 73,147.07 


In addition, United Engineering Society 
recorded on its books: 
Net Income paid to Engineering Founda- 
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Paid to banks for collection, custody and 
HOV ICG See rautaiete hea tarictts vote nenerenenc ii carte 367.25 
Paid to U. E. S. for Amortization of 
IPremibumiseremsararcus wivisiectarasrotevarers guntes 282.25 649.50 
Engineering Foundation Fund Gross 
UIUCOMIC . Sexe e eteele ae o's. ccxbs etiel ge sepals $ 27,016.29 
Interest from Invested Income of Engineer- 
Tie LE OUNGAULON meta ier tarataiee ore 1,654.41 
UMLeres vr ULChasecd mma aeietrmsiscareteie 285.94 
Paid to bank for collection, custody and 
Nol ale Sen ipattn Gio OCR O RM eORCROSCe ROR RO SCENE CaO eT 24.65 310.59 
MOGAL LNVOROS bats accieustnsusiern saris cooreenes $ 1,965.00 


BALANCE SHEET 


ASSETS 
Real Estate: 
ELT). Ch Stews torneo ar oye vans Salley cnepononeN ‘aay oes $ 540,000.00 
Buildin gy ay iscsi ere oe ee loos 1,369,398.28 
i 3K it oS 8aYST 0) Soe vconaee cectonce OOM OIDIIO gio orc 33,171.16 


Founders’ Preliminary Expenses... 24,000.00 $1,966,569. 44 (a) 
Investments and Cash Uninvested: 
Depreciation & Renewal Pund................... $ 175,269.29 
Hngineerins Houndation Hund. .... +c ss eer 477,720.05 


Mibranys Hndowanent Human rents taneseerer seme ners 96,047 .00 
General Reserve. Bung). <5 oq «aan etiangintecne: Skate 10,000.00 
Reserve for Depreciation of Library Capital....... 4,000.00 
Operating Cash and Petty Cashicicwcc«scey sas es oe 10,504.59 
NCCOUMUS IRECELVADIO. tse n cur wares: sessile Rie esheets cussce ses 2,141.97 
$2,742,252 .34 
LIABILITIES 

Mounders? Wauitiy i Property errr cine esis lel eleelen relearn $1 ,966,569.44 
Depreciation and Renewal Fund..................... 175,269.29 
Hngineering Houndatlon Hid! ye ee ayes telieletel siete ehetehel erie 477,720.05 
BaAbraryalind owner Gen Gey acter tetedeitelneteteretert oat eres 96,047.00 
General Reserve. Bund veeeast-recinarciie sree rea kstaneicctens 10,000.00 
Reserve for Depreciation of Capital of Library......... 4,000 .00 
Deposits on Account Hall Rentals.................-.. 647 .00 
Credit Balance in Accounts Receivable................ 96.88 
Deferred Credit-Miscellaneous Contributions to Library . 5,699.92 
Credit Balance in Activity Accounts.................. 6,202.76 
$2,742,252 .34 

SAUTER OTTERS STO UMSTEAD TSE beg eee 

PERSONAL MENTION 
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E. D. Arntzen has left his position with the West Penn Power 
Company and is now connected with the Commonwealth Edison 
Company, 2452 N. Kedzie Boulevard, Chicago. 

CLARENCE G. Jounson has changed position from the Union 
Utilities Company, Chicago, and his new affiliation is with the 
United Power and Light Corporation, Abilene, Kansas. 

Evmer C. Junnxe has left the U. G. I. Contracting Company, 
Philadelphia, to accept a position in the control department of 
the Westinghouse Electric and Manufacturing Company, 
Philadelphia. 

A.V. DrBrecu has resigned his position as Assistant Electrical 
Engineer in the Motive Power Department of the Interborough 
Rapid Transit Company, to go with the Canadian General and 
Finance Company, Toronto, Canada. 

Exmer D. Jounson has accepted a temporary appointment as 
Junior Examiner in the United States Patent Office at Washing- 
ton. Mr. Johnson was previously engaged in sales service for 
the Apex Electrical Distributing Company in Chicago. 

W. W. Simons has resigned his position with the Telephone 
Supply Sales Department of the Western Electric Company 
and is now in the engineering department of the David Grimes 
Radio & Cameo Record Corporation, Jersey City, N. di. 

Epert W. Henperson, who has been with the Canadian 
Crocker-Wheeler Company since 1908, Ontario, Canada, has 
now returned to the States and his new work will be with the 
Reliance Electric and Engineering Company, Cleveland, Ohio. 

Herpert V. VARNEY, formerly employed as assistant system 
operator of the Toledo Edison Company, Toledo, Ohio, has re- 
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signed to enter the Sales Engineering Department of the Engi- 
neering Merchandising Syndicate, Rockefeller Building, Cleve- 
land, Ohio. 

Paut C. Scuwantes, Jr., is now engaged as engineer in the 
Department of Operation and Engineering of the American 


Telephone and Telegraph Company, New York, having left the - 


Western Electric Company to assume these new duties the first 
of the year. 

K. C. Mason, who was superintendent of the Light and Power 
Department of the Nova Scotia: Tramways & Power Company, 
Ltd., Halifax, N. S., has joined the Edison Electric and Illumi- 
nating Company, of Brockton, and will serve them in their offices 
at Brockton, Massachusetts. 

H.S. Fotry, who has, for the past three years, been located at 
Guadalajara, Mexico, as chief engineer and associate manager 
of the Cia Hidroelectrica e Irrigadora del Chapala, has returned 
to the United States and is now with the Hlectrie Bond and 
Share Company, New York City. 

H. H. Prums, who has been in charge of the power and 
pumping system on the Minidoka Irrigation project was trans- 
ferred on or about March 1st from Rupert, Idaho, to Wilda 
Building, Denver, Colorado, where he will still carry on the activ- 
ities of the Bureau of Reclamation. 

Frep W. Stamp-VINCENT has severed his connections with the 
Granby Mining, Smelting and Power Company, Anyox, B. C., and 
has identified himself with the West Kootenay Power and Light 
Company, Ltd., located at Bonnington, B. C., where he will be 
in their office for construction work. 

AuFrreD C. Marsmaut, Associate of the Institute, has been 


appointed by the Mayor of Detroit to serve on a special commis- , 


sion of five engineers to investigate local sewage disposal condi- 
tions and plan a new system for the city of Detroit. Mr. Mar- 
shall has for sometime been with the Detroit Edison Company, 
having been elected to the vice-presideney in 1912. : 

P. W. Soruman has taken up new and interesting work in charge 
of an Electrical Department which has been added to the actiy- 
ities of M. H. Avram & Company, Incorporated, Hackettstown, 
N. J. Here Mr. Sothman will care for consulting work and the 
supervision of electrical generation, transmission and distribution 
for light and power for railway and industrial purposes. 

SAMUEL ARNOLD, 3rd, formerly chief engineer of the Tate- 
Jones & Company, Inc., and recently assistant electrical engineer 
of the American Bridge Company, is now representing the latter 
Company in Pittsburgh, Pa., in the sale of the Heboult electric 
steel melting furnace. Mr. Arnold is also doing consulting work 
for all types of Industrial furnaces, with offices located in the 
Fulton Building, Pittsburgh, Pa. 

T. S. Woop has left the Westinghouse Electric & Manufac- 
turing Company, where he has been in charge of the switchboard 
department in the southeastern territory with headquarters at 
Atlanta, Ga., and has entered the sales engineering field for the 
northwest, with headquarters at Seattle, Washington. Mr. 
Wood will represent such people as the Packard Hlectrie Com- 
pany, the Johnson Manufacturing Company and the Automatic 
Reclosing Circuit Breaker Company. 

Horace West Fiasuman of Australia and New York, has just 
been appointed managing director of the Australian Westing- 
house Electric Company, Ltd., Sydney. Mr. Flashman was, for 
eleven years prior to his going to Australia, occupied in electrical 
engineering in the United States, during a portion of which time 
he was active with the Westinghouse Electric & Mfg. Co., of 
East Pittsburgh, Pa. His work has always been of the highest 
order. Since 1911 he has been an Associate of the Institute and 
has served efficiently on many of its Committees. 

Lez Cone Buuiineron, former assistant manager of the 
Power Department of the Westinghouse Electric & Mfg. Co., 
Hast Pittsburgh, Pa., has been chosen to succeed Mr. James A. 
Brett whose untimely death in Bermuda recently created this 
vacancy in the managership of the Cincinnati district office of 


the Westinghouse Company. Mr. Bullington assumes his new 
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duties immediately. He goes to Cincinnati after a long connec- 
tion with Westinghouse interests, for a number of years having 
been Southeastern district manager of the Westinghouse Machine 
Co. with headquarters at Atlanta, and later transferred to Buffalo. 
From Buffalo, in 1918, he went to East Pittsburgh as assistant to 
the manager of the Power Dept. and in 1922 was promoted to 
assistant manager, from which position he goes to his new work 
as Mr. Brett’s successor. 

Davin Barker Rusumors, due to ill health has been forced to 
resign his position with the General Electric Co., Schenectady, 
N. Y., and will sojourn in New York City for recuperative pur- 
poses, stoppmg at the University Club. Mr. Rushmore has, for 
25 years, served the General Electric Company and the Stanley 
Electric Co., of Pittsfield, later absorbed by the General 
Electric Co. He went to Schenectady in 1905 and for 17 years 
was engineer of the power and mining department. In 1922 he 
became consulting engineer for the company, and has served ther 
in this capacity ever since. ; 

Prior to his service with the General Electric Company, 
Mr. Rushmore was with the Westinghouse Electric and Manu- 
facturing Company and also with the Royal Electric Company 
of Montreal. He was graduated from Swarthmore College in 
1894 with the degree of bachelor of science and engineering and 
from Cornell University the following year in an electrical 
engineering course. In 1897 he received hig degree of Civil 
engineering from Swarthmore and in 1923 an honorary degree 
of doctor of science. Mr. Rushmore is a member of many Ameri- 
can as well as European technical societies. He was elected a 
Fellow of the Institute in 1913. 

Masor Wriiiiam J. Hammer, Knighthood in the Legion of 
Honor of France had conferred upon him Fellow A. I. E. E. at the 
meeting of the Military Order of the World’s War at the Army 
and Navy Club, February 10, 1925. This honor is in recog- 
nition of Major Hammer’s services rendered to France thirty- 
six years ago when he was the representative of Thomas A. 
Edison at the Paris Exposition in 1889, at which time he con- 
structed and operated all of Mr. Edison’s inventions. This exhibit 
was one of the outstanding features of the exposition. It was 
intended that Major Hammer should receive the decoration at 
the close of the exposition, but the papers recommending the 
action were lost in the French government offices. Recently the 
matter was taken up by Mr. Edison and M., Andre Brouzet, 
Consul of France, and resulted in the conferring of this belated 
honor upon him. 

In addition to life membership in the A. I. E. E., Major Ham- 
mer is a Fellow of the American Physical Society, the American 
Association for the Advancement of Science, and other scientific 
societies. During the late war, he served on the Inventions’ 
Section of the War Plans Division of the General Staff at the 
Army War College in charge of electrical and aeronautical war 
inventions. 
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Oliver Heaviside 


Oxiver Heavisipg, of Torquay, England, Honorary Member 
of the Institute, recently died, at the age of seventy-seven, as the 
result of a fallfromaladder. Mr. Heaviside has been recognized 
as one of the most eminent exponents of electrical science, par- 
ticularly for his development of the electromagnetic theory. 
His retiring character and desire to avoid society, partly due to 
almost complete deafness since childhood, has resulted in his 
name being unknown to the general public but those who have 
come in contact with his work regard him as an illustrious suc- 
cessor to Wheatstone, Maxwell, and Kelvin. He lived aloneina 
cottage at Lower Warberry, Torquay, England, in poverty, a 
pension of £200. a year having practically been forced upon him. 
While he wrote papers of great value for the Philosophical 
Magazine of the Royal Society of London and for the London 
Electrician, for which he received but scant remuneration, these 
papers were difficult to read and little known. No pictures of 
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him exist and few of his admirers ever met him. His writings 
however, had considerable practical value, particularly his mathe- 
matical theory of the value of distributed self-induction in long 
distance telephony, a theory of which Dr. Pupin availed himself 
in this country for practical application to telephony, and 
establishing a new epoch in this field. The Royal Society elected 
him to Fellowship, and the Institute on February 14, 1918, to 
Honorary Membership. ~ The resolution adopted by the Board 
of Directors at the time of his election to Honorary Membership 
follows: 


_WHEREAS, Oliver Heaviside has rendered service of the 
highest value in the advancement of electrical science leading 
to practical results of far-reaching order, and notably in the 
development of electromagnetic theory; and , 
SSWHEREAS, the constitution of the American Institute of 
Electrical Engineers provides that, by unanimous vote of all the 
members of the Board of Directors, Honorary Members may be 
chosen from among those who have rendered acknowledged 
ae services to electrical engineering or to its allied sciences; 
itis 

RESOLVED: That Oliver Heaviside, Fellow Royal Society, 
London, England, be elected in recognition of his contributions 
to electrical science and engineering, to Honorary Membership 
in the American Institute of Electrical Engineers. 


Obituary 


CHARLES HamrLTon Parker, Superintendent of the Genera- 
ting Department of The Edison Electric Illuminating Company 
of Boston, died at his home in Brookline, Mass., on January 28, 
1925. His death comes as a great shock to his many friends 
and associates of the electric power industry of this country. 

Mr. Parker was born at Hong Kong, China, on February 6, 
1873. On the return of his father and mother to the United 
States, he entered The Massachusetts Institute of Technology, 
graduated in 1895, and entered the employ of the Edison Electric 
Illuminating Company of Boston. In a year or so he had 
_ advanced to Superintendent of the Generating Department and 
his rare judgement in matters of company policy has always 
been valued by his company and associates. 
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During the Spanish War, Mr. Parker entered the Naval 
Brigade with the rank of lieutenant. He served on the U.S. S. 
Catskill which he brought from the Philadelphia Navy Yard 
to Gloucester and later served on the Marcellus to the end of the 
war. In 1906 he became lieutenant-commander and in 1908 
commander of the Naval Brigade. Three years later he was 
retired with the rank of captain. During the World War he was 
made Chief of Bureau of the Massachusetts Public Safety 
Council and a member of the Naval Sub-base Committee. He 
was also given charge of all guard units on all Edison plants in 
Massachusetts. Mr. Parker joined the A. I. E. H. in 1910. 

}EOFFREY C. Nicuonson, Associate of the Institute, died 
late in January at Erie, Pa. Mr. Nicholson was born in King 
Williams Town, South Africa, November 23, 1900. His early 
general and technical education was through the South African 
College High School followed -by an electrical engineering course 
at the Cape Town University, where his B. Se. degree was 
received, 1923, “with distinetion.”” At the time of his death he 
was affiliated with the General Electric Company of Schenectady, 
New York. ; 

FErRDINAND N. Becuorp, of the Radio Corporation of America, 
died suddenly early in February. Mr. Bechoff was born in 
Germany September 26, 1877, but was naturalized in the year 
1912. His early education was in the Public School, High 
School and Technical College of Zwickau, Saxony, he also took 
a post-graduate course in Electrical Engineering at Charloten- 
burg, Germany. In 1906-1916 he was with the General Electric 
Company, Schenectady, designing switchboard and power 
station layout. He was later chief of division of all switchboard 
work and station layout for the Panama Canal. Mr. Bechoff 
was chief electrical draftsman in charge of the design of electrical 
equipment for the nitrate plant No. 2, Muscle Shoals Nos. 3 
and 4, Cincinnatiand Toledo. He went with the Radio Corpora- 
tion of America in 1921, where he was chief draftsman on the 
layout of large radio transmitting stations, broadcasting and 
receiving stations. This was his affiliation at the time of his 
death. 
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Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
Tt contains 160,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library 1s 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in N orth 


America. 


A rental of five cents a day, plus transportation, is charged. 
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understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a, m. to 10 pm. on all week days except holidays throughout the year except during 


July and August when the hours are 9a.m.to 5 p.m. 


BOOK NOTICES JANUARY 1-31, 1925 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume responsi- 
bility for any statements made; these are taken from the preface 
or the text of the book. 

All the books listed may be consulted in the Engineering 
Societies Library. 

AGGREGATZUSTANDE. 

By Gustav Tammann. 2d. edition. Leipzig, Leopold Voss, 
1923. 292 pp., diagrs., 10 x 6 in., paper. $2.15. 

Dr. Tammann’s book is intended to serve as an introduction 


to its subject for readers with a knowledge of physical chemistry, 
who wish a survey of the present state of our information on 


states of aggregation. Particular attention is given to the 
relations between the amorphous, crystalline and liquid states of 
matter, the field which the author has investigated so exten- 


sively. The new edition is only slightly different from the 
first, minor changes and corrections having been made. 
UND KON- 


AUSGEWAHLTE MpTHODEN FUR SCcHIEDSANALYSEN 

TRADIKTORISCHES ARBEITEN BEI DER UNTERSUCHUNG VON 
MpTraLLEN UND SONSTIGEN HutrTrENPRODUKTEN. 
Metallhutten- und Bergleute. 
(Mitteilungen, t.1.). i5YS). 181 Dhp 


ERZEN, 

By Gesellschaft Deutscher 
Berlin, The Society, 1924. 

tables, 9 x 6 in., paper. $2.00. ru 

This pamphlet gives methods for the analysis of ores, metals 

and metallurgical products, approved by the chemical section of 

the Society of German Metallurgists and Miners. The methods 
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deal with the usual analyses required in working lead, copper, 
tin, antimony, arsenic, aluminium, the precious metals and the 
iron-alloys, and are specifically intended for referee analyses in 
disputes, where great accuracy is essential. 


Circuit TROUBLES AND TESTING. 

By Terrell Croft. N. Y., McGraw-Hill Book Co., 1924. 
224 pp., illus., diagrs.,8 x 6in., cloth. $2.50. 

A practical manual for wiremen, troublemen, etc., dealing 
with the causes of troubles in power and lighting circuits and 
with methods for locating and correcting them. The informa- 
tion is largely given by illustrations, with as little text as possible. 
The book covers aerial, underground and interior circuits. 


Connecrine Inpuction Morors. 

By A. M. Dudley. 2d edition. N. Y., McGraw-Hill Book 
Co., 1925. 361 pp., illus., diagrs., 9 x 6 in., cloth. $3.00. 

A practical book by an experienced worker, dealing with the 
winding characteristics of induction motors and intended for 
operators and repair men. Five chapters have been added to 
this edition and minor alterations and corrections made in the 
older portion of the book. 


Cuaur’s Practica NAVIGATION. 

By Charles H. Cugle. N. Y., H. P. Dutton & Co., 1924: 
351 pp., tables, 9 x 6 in., cloth. $6.00. 

This book purports to give the student all the rules and 
problems in navigation used in everyday work at sea, together 
with short definitions of the theory of navigation and other 
information needed by young officers. The problems are 
accompanied by full solutions. The book is based on the 1925 
Nautical Almanac and thus takes into account the changes from 
Greenwich Mean Time, adopted this year by the principal 
governments. 


Diz DAaMPFLOKOMOTIVE. 

By J. Jahn. Berlin, Julius Springer, 1924. 356 pp., illus., 
9x6in., boards. 18.-gm. 

Beginning with Stephenson’s ‘Rocket’ and continuing the 
story to the present day, Professor Jahn gives an account of the 
way in which the modern locomotive has developed. Each 
change in design is illustrated by a cut of an actual locomotive 
and the novelty in the design is pointed out. The material is 
classified on the basis of wheel arrangement, so that the volume is 
convenient for reference use, as well as for study. It is intended 
for readers familiar with current designs and should prove 
useful to engineers and designers. 


Design oF Rattway Location. 

By Clement C. Williams. 2nd edition. N. Y., John Wiley & 
Sons, 1924. 517 pp., illus., diagrs., maps, tables, 9 x 6 in., 
cloth. $4.00. 

This book is intended as a text-book, rather than a treatise, 
and therefore is rather an outline than an exhaustive treatise. 
The explanation and development of underlying principles, 
rather than the description of current practice is the aim of the 
author. Considerable space is given to the principles of rail- 
road economics. The book has been prepared with a view 
chiefly to the extensive revision and relocation of railroads now 
in process in the United States, but attention is also given to 
the projection of new location. 


ELASTIZITAT UND FESTIGKEIT. 

By C. Bach and R. Baumann. 9th edition. Berlin, Julius 
Springer, 1924. 687 pp., illus., diagrs., 9 x 6 in., boards. $5.75. 

This treatise has become so well-known to engineers, during 
the thirty-five years since its first appearance, that it is scarcely 
necessary to do more than announce the appearance of a new 
enlarged edition. The reader will find a thorough discussion of 
the theoretical principles, accompanied by a wealth of numerical 
data obtained by experiment, and an interesting collection of 
photographs of test-pieces, showing the results after undergoing 
tests of various kinds. . . 
Execrric Canuus; Their Design, Manufacture and Use. 

By William A Del Mar. N. Y., McGraw-Hill Book Co., 
1924. 208 pp., diagrs., tables, 9x 6 in., cloth. $2.50. 

The general interest aroused by the author’s lecture at the 
University of Pennsylvania and the lack of a modern book on 
wires and cables have induced him to publish the notes prepared 
for this course. The book deals with the methods of manu- 
facturing bare and insulated wires and cables, methods of 
testing and of locating faults, cable design, resistance, losses, 
inductance, electrolysis, ete. Specifications and standards are 
given, and there is a good bibliography. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


ELEcTRICAL ENGINEERING. 
By L. A. Hazeltine. N. Y., Macmillan Co., 1924. (Hn- 


gineering Science Series.) 625 pp., diagrs., tables, 9 x 6 in., 


cloth. $6.50. : 

Contents: Fundamental physical relations.—Electric condue- 
tion.—Electrostatics.—Electromagnetism.—Alternating _ Cur- 
rents.—Transient currents and electric waves.—Conduction in 
gases and electrolytes.—Electrical measuring instruments.— 
Electrical measurements.— Direct-current machines.—Synchro- 
nous machines.-—Induction machines.—Transformers.—Trans- 
mission and distribution.—Electrical communication. 

Professors Hazeltine’s book presents in a single volume the 
essential elements of electrical science and of its applications to 
the various*branches of electrical engineering. It is too concise 
for effective home study but is rather intended for use as a 
college text or as a reference book. It is based on the course 
given by the author at the Stevens Institute of Technology. 

The book aims to give an accurate presentation of the fund- 
mentals of each branch from all appropriate aspects. There is 
the author believes, considerable novelty in the methods of 
treatment throughout. 

Tun Evecrron. 

By Robert Andrews Millikan. 2d edition. Chicago, Uni- 
versity of Chicago Press, 1924. (University of Chicago Science 
Series.) 293 pp., illus., diagrs., charts, tables, 8 x 5in., cloth. 
$1.75. 

Dr Millikan’s book is intended to present the evidence for the 
atomie structure of electricity, to describe some of the most 
significant properties of the electron and to discuss the bearing 
of these properties on the structure of the atom and the nature 
of electromagnetic radiation. His account deals mostly with 
the researches that have been carried on under his own super- 
vision, but the preceding work from which these grew and 
parallel work by others is reviewed also. The book is intended 
not only for physicists but also for readers with less technical 
training. The new edition has been brought up to date. 
Ferrous Metarts. By M.S. Birkett. 165 pp. 

Non-Frerrous Mrrats AND OTHER MINERALS. 

By N. M. Penzer. 264 pp. lLond., Ernest Benn, Ltd., 1924. 
2 ve, 10 ccSan., clothe 2iljs.each. ; 

In these two volumes is presented a concise, authoritative 
review of the metal resources of the entire British Empire. 
The information is selected and presented with an eye to the 
needs of the business man rather than the specialist. It in- 
cludes a general description of its metal, its properties and uses, 
information on the localities where it is found, and statistics on 
production, consumption, exports and imports. The volume on 
ferrous metals contains considerable historical information on the 
various products of iron and steel. The non-ferrous volume has 
an excellent selected bibliography on the metals considered. 
GRUNDBEGRIFFE DER ME&ECHANISCHEN TECHNOLOGIE DER 

METALLE. 

By Georg Sachs. 
IME Bere wl 9258 
paper. $3.15. 
This book is intended to give a survey of the great mass of 
information available on the mechanical properties of the 
metals used in construction, with its frequent apparent contra- 
dictions. The author’s first object has been to group the results 
of the various researches with close regard to the conditions of the 
research; this has frequently been sufficient to reconcile apparent 
discrepancies. 

The book is chiefly confined to the basic, simple processes of 
treating metals. The mechanical properties of molten and 
solid metals are discussed, as are the effect of crystallization and 
the properties of crystalline aggregates, the effects of cold 
working and annealing, and the mechanical properties of pure 
metals and alloys. A valuable list of references to the sources 
of the data used is included. The book is a-useful collection of 
the information most needed by builders of machinery. 
HANDBOOK TO THE EXHIBITION OF PuRE SCIENCE. 

British Empire Exhibition, 1924. Arranged by the Royal 
Society. 228 pp., 8 x 5 in., paper. (Gift of Macmillan Cor 
INE AS) 

This handbook, prepared for use in connection with the 
exhibition of pure science arranged by the Royal Society for the 
British Empire Exhibition, consists of two parts. The first 
contains twenty-two brief essays by prominent British scientists, 
reviewing in non-technical language our present knowledge on 
various Important questions. Sir Joseph Thomson writes on the 
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Pees Dr. W. F. Aston on Atoms and Isotopes; Sir Richard 
azebrook on the Origins of Wireless; Mr. J. E. Sears on the 
Principals of Fine Measurement. 

The second part is a catalog of the exhibits, with notes de- 
scribing their methods of functioning and their purposes. 
LEcons suR LA COMPOSITION ET LES Foncrions PERMUTABLES. 

By Vito Volterra and Joseph Peres. Paris, Gauthier-Villars 
et cie., 1924. 183pp.,10x6in., paper. 20 fr. 

Professor Volterra has already outlined the theories here 
developed in two previous books on integral equations and 
integro-differential equations and on the functions of lines. 
In those books, however, the concepts now presented, which 
have as their common origin the method given by him for 
solving integral equations, appear only indirectly and in applica- 
tion to the solution of certain problems in analysis and mathe- 
matical physics. In the present work the theory has been 
disengaged from the researches to which it was an auxiliary and 
is presented independently in more systematic and complete 
form. 

LEHRBUCH DER METALLOGRAPHIE. 

By Gustav Tammann. 3rd edition. Leipzig, Leopold Voss, 
1923. 450 pp., illus., diagrs., tables, 9 x 6in., paper. $3.40. 

In this book, the Director of the Gottingen Institute for 
Physical Chemistry offers a text on the theoretical aspects of the 
science of metals, adapted for the use of mature students. The 
basis of the volume is in general his own extensive researches and 
the arrangement of the material, which differs from the usual 
one, is intended to present the information so that it will empha- 
size the points of theoretical importance. : 

This edition has been enlarged by the inclusion of the results 
of recent investigations in metallography. 
PRoBLEMES D’ELECTROTECHNIQUE. 

By Adr. Curchod. Paris, Albert Blanchard, 1925. 
diagrs., 10 x 6 in., paper. 48 fr. 

A collection of practical problems in electrical engineering, 
with complete detailed solutions. These problems are of com- 
monly recurring types, dealing with the fundamental laws and 
with the design of alternating and direct current dynamos and 
motors, transformers, ete. The book is intended to supplement 
college textbooks by providing additional problems and to aid 
engineers by refreshing their memories of methods. 

PROTEINS AND THE THEORY OF COLLOIDAL BEHAVIOR. 

By Jacques Loeb. 2nd edition. N. Y., McGraw-Hill Book 
Co., 1924. (International Chemical Series.) 380 pp., diagrs., 
tables, 8 x 6 in., cloth. $3.50. 

The first part of Dr. Loeb’s book discusses the behavior of 
proteins. A great number of experiments are presented which 
show that the proteins follow the ordinary laws of chemical 
combination and that there is no chemistry of colloids differing 
from that of crystalloids. 

The second half is devoted to the theory of the colloidal 
behavior of proteins. A new mathematical and quantitative 
theory is developed on the basis of Donnan’s theory of mem- 
brane equilibria, which is believed to be applicable to all colloids. 

The new edition includes the results of Dr. Loehb’s later 
experiments. 
RADIOACTIVITY AND THE SURFACE History OF THE HartH; being 

the Halley Lecture, May 1924. : 

By John Joly. Lond., Oxford University Press, 1924. 40pp., 
diagrs., maps, 9 x 6 in., paper. $1.35. (Gift of Oxford Univer- 
sity Press, American Branch.) 

In this interesting lecture, Dr. Joly presents clearly and 
concisely the modern view of the surface activities of the earth 
and discusses the nature and source of the energy that causes 
these activities. 

Rare Barras, their Occurrence, Chemistry and Technology. 

By 8. 1. Levy. 2d edition. N. Y., Longmans, Green & Co., 
Lond., Edward Arnold & Co., 1924. 362 pp., 9 x 6 in., cloth. 
$6.00. 

This book is intended to supply a complete, coherent account 
of our present knowledge of the rare earths, which is not over- 
loaded with detailed accounts of large numbers of chemically 
similar compounds. The new edition takes account of the 
literature up to June 1924. 

Scrpntiric RpseEARCH AND HuMAN WELFARE. 

By Franklin Stewart Harris and Newbern I. Butt. 
Maemillan Co., 1924. 406 pp., 8x 5 in., cloth. $2.50. 

An account of some of the inventions and discoveries that 
make up the civilization of today, intended for general readers 
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and written in popular style. Sections are devoted to health, 
communication, transportation, illumination, agriculture, en- 
gineering and mining, manufacturing and the home. In each 
section the great advances are recorded, with an account of the 
steps by which they were evolved. The ultimate purpose of the 
book is to eall attention to the value of research in various lines 
and to plead for greater support of investigations. 


Screw PROPELLERS AND EsrimMAaTion oF PowrrR For Prorut- 
SION OF SHIPS ALSO AIRSHIPS PROPELLERS. 


By Charles W. Dyson. N. Y., Simmons-Boardman Pub. Co., 
1924.2 v., diagrs,, tables; v. 1,9 x6 im; v. 2., 16 x 10 in,, 
cloth. $15.00. 


The third edition of this work differs materially from the pre- 
ceding one. All the design curves given there have been dis- 
earded and new curves developed from equations derived from 
well-authenticated observations. This has resulted in new 
curves for basic apparent slip, based upon the hull of the ship and 
the ratio of the length of after body to draft. More attention 
has been given also to variations in hull form. This edition, 
Rear-Admiral Dyson states, is the last which he will prepare. 


Stratics, ineluding Hydrostatics and the Klements of the 
Theory of Elasticity. 


By Horace Lamb. 2d edition. Cambridge, Hngland, Uni- 
versity Press, 1924. 357 pp., diagrs., 9 x 6 in.,cloth. $5.75. 
(Gift of Maemillan Co., N. Y.) 


This textbook contains the substance of lectures given at the 
University of Cambridge for a number of years to students with 
some knowledge of elementary mechanics and ability to apply the 
methods of the caleulus. Prominence is given to geometrical 
methods, particularly those of graphical statics. In this new 
edition, considerable additions have been made to the chapters 
on elasticity. 


Sur L’ELEcTRODYNAMIQUE DES CoRPS EN MOUVEMENT. 
By Albert Einstein. Paris, Gauthier-Villars et Cie, [1925]. 
56 pp., poru., @ xo.in., paper. 6 fr: 


The memoir here republished in convenient form appeared 
first in 1905, in the Annalen der Physik. It is here that Kinstein 
first explained his celebrated theory of restricted relativity. 
The volume forms one of a series of reproductions of great scien- 
tific papers. 


SwitCHGEAR FOR ELecrric Pownr ConTROL. 


By E. Basil Wedmore and Henry Trencham. Lond., Hum- 
phrey Milford, Oxford Univ. Press, 1924. 335 pp., illus., diagrs., 
tables, 9x 6in., cloth. $8.35. (Gift of Oxford University Press, 
American Branch.) 


This book discusses the various types of fuses, cireuit breakers, 
reactors, etc.; the methods of protecting lines from leakage, 
excess current, etc.; switchboard equipment and arrangement 
and other devices and methods used in the control of electric 
power. The authors state that the book should assist the 
designer, for it contains much about design, from the point of 
view of the user, which the designer finds it difficult to learn. 
Users of switchgear, on the other hand, will find in the book 
things about use, from the viewpoint of the designer, which it is to 
their advantage to understand. 

TECHNICAL MECHANICS, STATICS, KINEMATICS, KINETICS. 

By Edward R. Maurer and Raymond J. Roark. 5th edition. 
N. Y., John Wiley & Sons, 1925. 364 pp., diagrs., tables, 
9x Gin., cloth. $3.50. 

This may be fairly described, the authors say, as a theoretical 
mechanies for students of engineering: It is not comparable to 
books commonly called Theoretical Mechanics, generally 
intended for students of mathematics or physics, nor to those 
commonly titled Applied Mechanics, which include the strength 
of materials, hydraulics, ete. The title of Technical Mechanics 
has been chosen to indicate this differentiation. — 

This edition is rewritten, with improvements 1n the presenta- 
tion, changes in subject matter and arrangement, and many new 
problems. 

Dre ZUSTANDSGLEICHUNG VON GASEN UND FLUSSIGKEITEN.... 

By J. J: Van Laar. Leipzig, Leopold Voss, 1924. 
10x 6in., paper. $3.45. 

For over thirty years Dr. van Laar has been an active in- 
vestigator of the phenomena accompanying the change from 
the liquid to the gaseous state, and of the equation of state. The 


368 pp., 


320 


results of his work, scattered through many periodicals, are now 
presented as an organic whole in the present volume, which 
should be of considerable interest to students of thermodynamics 
and physical chemistry. The book deals particularly with the 
variability of the constants of Van der Waal’s equation, with 
critical conditions, vapor pressure phenomena and coexisting 
vapor and liquid phases. : 
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SECTION MEETINGS 


Akron 
Adjustable-S peed A-C. Commutator Motors, by H. C. Uhl, General 
Electric Co. Illustrated with slides. Joint meeting with 
A. S. M. E. Luncheon was served. January 23. At- 
tendance 70. 
Atlanta 
A talk was given by Mr. Farley Osgood, National President. 
In his address Mr. Osgood explained the duties and functions 
of the Institute, its object, its problems, its endeavors, its 
service to the engineering field and to its individual memhers, 
and the power possessed by electrical engineers through the 
Institute. January 2. Attendance 90. 


Boston 

Sound; Its Electrical Analysis, Amplification, and Control, 
by Dr. Harvey Fletcher, Western Electric Co. Those 
taking part in the discussion which followed the talk were: 
Professors Eugene A. Crockett, Frederick A. Saunders, 
Charles A. White and F. S. Dellenbaugh, Jr. The meeting 
was held under the auspices of the American Laryngological, 
Rhinological and Otological Society and the A. [. E. HE. and 
was participated in by many other societies. January 24. 
Attendance 800. 

Bureau of Standards Methods, by E. C. Crittenden, Bureau of 
Standards. Illustrated with slides. Discussion was partic- 
ipated in by Dr. A. E. Kennelly, Professor Drisko and 
Professor W. L. Smith. Joint meeting with Illuminating 
Engineering Society. January 30. Attendance 55. 


Cincinnati 
Research and Industrial Progress, by Dean H. Schneider, Uni- 
versity of Cincinnati. Joint meeting with Cincinnati‘ 
Engineers Club. January 15. Attendance 130. 


Columbus 

Super Power Interconnection in Ohio, by R. R. Krammes, Ohio 
Power Co. The talk was followed by a film entitled‘‘Elec- 
trifying Ohio.’ October 24. Attendance 17. 

Methods of Automatic Train Control, by B. J. Sechwendt, N. Y. C. 
R. R. This talk was followed by a film entitled ‘‘The Man 
at the Throttle.’ November 21. Attendance 18. 

Modern Methods of Lamp Manufacture, by A. W. Janowitz, 
General Electric Co. The talk was accompanied by a film; 
and 


Radio, by F. R. Price. January 30. Attendance 24. 


Connecticut 

Transmission of Photographs by Radio, by C. F. Jenkins, Jenkins 
Laboratories. The speaker outlined the cylinder scheme 
employed in the recently announced method of transmitting 
photographs by radio and pointed out that the method 
which he had developed substantially reduced the time of 
transmission. January 13. Attendance 500. 

Illumination, by Walter Sturrock, General Electric Co. <A 
demonstration was given, of the effects of various kinds and 
colors of lighting as pertains to factory illumination, exterior 
lighting and show-window lighting. Refreshments were 
served. January 20. Attendance 75. 

Supervisory Control, by P. B. Garrett, Westinghouse Eleetric & 
Mfg. Co. The speaker demonstrated equipment for con- 
trolling isolated stations from acentral point. Mr. Garrett 
also exhibited the Klydonograph, an instrument for record- 
ing surges on high-tension circuits. January 6. At- 
tendance 76. 

The Historical Development and Future of the Electrical Industry, 
by R. M. Davis, Electrical World. The lecture was illus- 

‘trated with slides. A dinner preceded the meeting, which 
was held jointly with the Electrical Cooperative League. 
January 23. Attendance 44, 
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Journal A. I. E. E. 


STANDARD HLEecTRICAL DICTIONARY. 
By T. O’Connor Sloane. N. Y., Norman W. Henley Pub. Co., 
1924. 790 pp., illus.,7x5in., cloth. $5.00. 
To this edition a third part, comprising twenty-two pages, 
has been added, devoted to new terms introduced by radio 
engineering. 


Pl 


Detroit-Ann Arbor 


Automatic Substations, by James W. Bishop, Detroit Edison Co. 
The speaker reviewed the history of the automatic substation 
outlining some obstacles met and methods devised for cor- 
recting them. Chester Lichtenberg and R. J. Wensley, 
Westinghouse Electric & Mfg. Co., gave short talks out- 
lining the manufacturer’s viewpoints. Slides and moving 
pictures were shown. January 13. Attendance 250. 


Erie 
The Properties of Speech, Music and Noise and Their Relation 
to Electrical Communications, by Dr. Harvey Fletcher, 


Western Electric Co. Joint meeting with the Erie Technical 
Federation. January 19. Attendance 600. 


Indianapolis-Lafayette 
A picture, entitled “‘Temperature and Motor ‘Endurance,’ 
shown, after which W. A. Black led in a discussion of the film. 
January 23. Attendance 25. 


Lehigh Valley 


Transportation, by W. B. Potter, General Electrie Co. 
ary 22. Attendance 103. 


Los Angeles 
Electrical Distribution in, and Illumination of, an Office Building, 
by Carl A. Sanborn, Homes and Sanborn. The talk was 
illustrated by slides; and 
Evolution of the Building Industry, by Paul W. Penland, Blue 
Diamond Material Co. A dinner preceded the meeting. 
January 13. Attendance 119. 


Lynn 

Mr. T. H. Soren, Vice-President of the Hartford Electrie Light 
and Power Co. gave a talk on the engineering work and 
power development of his company and described the first 
installation of a commercial mercury turbine. A discussion 
followed regarding coal-oil fuel, life of fire brick, storage of 
coal and other economies. November 25. Attendance 120. 

With Mac Millan in the Artic, by Ralph P. Robinson. The 
lecture was illustrated by slides. Ladies night. December 
18. Attendance 610. 

Automatic Substation Control -—Eequipment, by Chester Lichten- 
berg, General Electric Co. Illustrated with slides. A 
moving picture of a typical railroad installation was shown. 
January 7. Attendance 200. 


’ 


Janu- 


The Application and Description of the Art of Oxy- Acetylene - 


Welding, by Hugh H. Griffith, Linde Air Products Co. 
Motion pictures were shown. Joint meeting with the 
Thompson Club. January 16. Attendance 72. 
Milwaukee 
Recent Progress in Radio Communication, by Professor E. M. 
Terry, University of Wisconsin. The lecture was accom- 
panied by slides and moving pictures. January 21. At- 
tendanece 200. at 
Minnesota 
Local Progress in the Electrical Industry. This wasa symposium, 
participated in by Messrs. D. W. Flowers, S. B. Hood, 
V. A. Wolcott, E. Marshall, C. E. Kenning and H. E. Me- 
Wethy. November 17. Attendance 79. 


Total_ Eclipses of the Sun, by Professor F. P. Leavenworth. 
December 8. Attendance 20. 
Nebraska 
February 3. Attendance 17. 


Philadelphia 


Fractional-Horsepower Motors, by E. B. George, General Electric 
Co. A moving picture showed the assembling of these 
motors. January 12. Attendance 112. 


Organization Meeting. 


was — 


March 1925 


Pittsburgh . 


ae neces by S. M. Kintner, Westinghouse Electric & 


Co. January 13. Attendance 152. 


Pittsfield 

Solar Eclipse, J anuary 24, 1925, by Dr. Harlan T. Stetson. The 
speaker described various phenomena of an eclipse. (On 
January 24 the Section ran a special train to New Milford, 
Connecticut, to witness the eclipse. 650 made the trip.) 
January 22. Attendance 450. 

High-Voltage Practise in Europe, by B. Nikiforoff. The lecture 
was illustrated with slides, showing various types of foreign 
installations. February 3. Attendance 125. 


Portland 
The Electrical Power Installation of the Long Bell Lumber Com- 


pany at Longview, by L. D. Beach. The talk was illustrated 
by slides. January 14. Attendance 75. 


Providence 


The Total Eclipse of the Sun, by Professor C. H. Currier. 
ary 13. Attendance 55. 


Rochester 
Putting the Gyro to Work, by Robert A. Lea, Sperry Gyroscope 
Co. The speaker also gave a description of the high- 
intensity searchlight recently invented by Mr. Sperry. 
January 16. Attendance 52. p 


Janu- 


San Francisco 

The No. 3 Development of the Pit River Project, Pacific Gas & 
Electric Co., by E. A. Crellin and O. W. Peterson.  Illus- 
trated by slides of the work in progress. A dinner preceded 
the meeting. December 12. Attendance 150. 

Recent Progress in Illumination, hy J. R. Cravath. The speaker 
illustrated his talk with specimens of illuminating fixtures 
and displayed slides of spectacular illumination of large 
office buildings. Joint meeting with Illuminating HEngi- 
neering Society. January 30. Attendance 85. 


Schenectady 


Transportation by Electricity, by W. B. Potter, General Electric¢ 
Co. January 29. Attendance 400. 


Seattle 
Mr. L. D. Beach, Long Bell Lumber Company, outlined | in 
detail the various features of the installation of the electrical 
generating equipment, the switching equipment and the 
logging machinery. Illustrated with slides. December 
17. Attendance 37. 


Southern Virginia 

The Virginia Water Power and Development Commission, by 
J. R. Horsley, A. W. Giles and A. W. Drinkard, Jr., 

The James River Development, by A. J. Saville, 

Hampton Roads as a World Port, LeRoy Hodges and 

Principles of Port Development, Elihu Church. The four ad- 
dresses named were given at afternoon and evening sessions 
of a meeting held jointly with the A. S.C. B., A. S. M. BE. 
and A. A.B. January 16. Attendance 100. 


Spokane 
Progress in the Art of Illumination, by W. R. Matthews, Washing- 
ton Water Power Co. The talk was illustrated with model 
lights, shades and color lighting, followed by a moving 
picture of the life of Thomas A. Edison, showing his first 
attempts in making an electric light. January 30. At- 


tendance 23. 
Springfield 

Measuring Instruments for Switchboard and Testing Service, by 
F. Bowman, General Electric Co. January 16. At- 
tendance 48. 

Syracuse 

High-Frequency Phenomena and the Lightning Generator, by F. W. 
Peek, Jr. The talk was illustrated with slides. November 
17. Attendance 100. 

The Guiding Wire in Electromagnetic Transmission, by Os B: 
Blackwell, American Telephone and Telegraph Co. Decem- 
ber 1. Attendance 150. ; 

Mr. Farley Osgood, National President, spoke on Institute 
affairs, engineering education, the place of the engineer In 
the community and other phases of the engineer’s life. 
January 12. Attendance 45. 

The History of Communication, by Wm. C. Dariet, Postal Tele- 
graph Co. The talk was illustrated with moving pictures. 
January 26. Attendance 145. 
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Toledo 
Radio Broadcasting Stations,—Past, Present and Future, by J. W. 
B. Foley. January 22. Attendance 32. ~ 


Toronto 

Electrical Measurement of Physical Values, by Perry A. Borden. 
January 9. Attendance 98. 

Traffie Control, by C. A. B. Halvorson, Jr., General Electric Co. 
The speaker described and illustrated with, slides several 
signal systems, their operation and application. Joint 
meeting with the Illuminating Engineering Society. Janu- 
ary 23. Attendance 75. 

A New High-Voltage Insulator, by Professor Harold B. Smith, 
Worcester Polytechnic Institute, Mr. A. C. Stevens, 
Secretary-Treasurer, District No. 1, A. I. E. EK, also ad- 
dressed the meeting regarding the activities of the District. 
January 29. Attendance 44. 


Utah 


Sources of Radio Interference and Some Preventative Measures, 
by K. V. Laird, Capital Electric Co. January 28. At- 
tendanee 57. 


Vancouver 
The Theory of Light According to Modern Ideas, by J. G. Lister. 
The address was accompanied by spectroscopic experiments 
and illustrated by slides. January 9. Attendance 32. 
Electrical Equipment of the Comsolidated Mining and Smelting 


Company's Zine Plant, by R. H. Lockyer. The paper was 
illustrated by slides. February 6. Attendance 18. 


Washington, D. C. 

Construction of City Electric Railways with Underground Trolley 
Systems, by R. H. Dalgleish, Capitol Traction Co. The 
talk was illustrated with slides. Refreshments were served 
and a dinner preceded the meeting. January 13. Attend- 
ance 67. 

Worcester 

Power-Factor Correction in Industrial Plants, by C. W. Drake, 
Westinghouse Electric & Mfg. Co. January 15. At- 
tendance 60. 

A Survey of Current Progress in Radio Engineering, ony 1Dke dle FAN 
Dellinger, Bureau of Standards. January 29. Attend- 
ance 75. 

BRANCH MEETINGS 


Alabama Polytechnic Institute 
A talk was given by George A. Wright on_the opportunities 
offered to engineering graduates by the Westinghouse Com- 
pany. January 7. Attendance 38. 
A-C. Generators, by Albert E. Duran. The lecture was ac- 
companied by slides. January 28. Attendance 30. 
Business Meeting. February 4. Attendance 16. 


An informal talk was given by Mr. Boring, General Electrie Co. 
February 11. Attendance 37. : 


University of Arkansas 
Engineering Achievements in 1924, by Ben Avery, student, 
Ramsay Turbo-Electric Locomotive, by Raymond Buchanan, 
student, and 
What Happens When the 
Power House? by Sam Dill, student. 
tendance 26. 


Exciter Switch is Opened in a Large 
January 20. At- 


Armour Institute of Technology 

Chicago’s Traction Problem, by Major Kelker. November 13. 
Attendance 40. 

Smoker. November 21. 

History of Electricity, by C. R. Bishop, student. November 27. 
Attendance 30. 

A talk was given by A. R. Brunker, Liquid Carbonic Company, 
who gave the students some idea of what will be expected of 
them when they seek employment after graduation. Janu- 
ary 15. 

Commercial Survey of a Large City, 
Telephone Co. January 29. 


by E. Thurston, Illinois Bell 
Attendance 40. 


California Institute of Technology 
Recent Developments in Electric Motors, by H. C. Hill, General 
Electrie Co. 
Control Apparatus, by H. K. Winterer, General Electric Co. 
January 14. Attendance 27. 
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Case School of Applied Science 
Municipal vs. Private Ownership and Operation of Electric 
Central Stations, by F. O. Fountain, Ohio Public Service 
Co. December 5. Attendance 39. 


Catholic University of America 
Effect of Electricity on Modern Civilization, by Mr. Ripley, 
General Electric Co. Refreshments and ‘smokes’ were 
served. December 16. Attendance 28. 


Clarkson College of Technology 
Business Meeting. The following officers were elected: Presi- 
dent, F. H. Porter; Secretary, F. S. McGowan, and Treas- 
urer, W. Augustine. September 19. Attendnace 27. 
Talk was given by Professor A. R. Powers. October 14. At- 
tendance 22. 
Hull Design, by Professor Ross. October 28. Attendance 25. 
Comparison of Engineering in China with That in America, by 
James Chi Chu. November 18. Attendance 30. 
Comparison of Education in 1880 with the Education of the 
Present Time, by Dr. Brooks. January 13. Attendance 26, 


Clemson Agricultural College 
Hydroelectric Practise in the South, by G. C. Wise, and 


The History of Radio, by L. R. W. Jacobi. February 4. At- 
tendance 13. 


University of Colorado 
Mr. P. B. Garrett, Westinghouse Electric & Mfg. Co., described 
and demonstrated a complete supervisory-control set. 
He also described and demonstrated the Klydonograph. 
Mr. Wm. Trudgion, Denver Westinghouse Office, made a 
few remarks. January 8. Attendance 80. 


University of Denver 


Inspection trip through the Lacombe Station of the Publi¢ Serv- 
ice Company of Colorado. January 23. Attendance 16. 


Drexel! Institute 


Talk was given by Mr. Lange, HE. E. Department. 
7. Attendance 23. 

The Construction of the New Delaware Station, by Mr. Hopping, 
Philadelphia Electric Co. In his talk Mr. Hopping told 
of the boiler and turbine installations and the water supply 
of the Station. Mr. Bailey, of the same company, de- 
seribed the electrical installations in the plant. Joint meet- 
ing with the A. S. M. HE. and A. 8S. C. E. December 19. 
Attendanee 75. 

Testing of Oil Used as an Insulator, by Dr. J. E. Schraeder. The 
speaker illustrated his talk with slides and showed diagrams 
of various equipment he developed to make these tests. 
January 23. Attendance 28. 


Georgia School of Technology 
Automatic Controls, by Mr. Fishback. The lecture was illus- 
trated with slides. February 5. Attendance 47, 
University of Idaho 


The General Electric Works at Schenectady, N. Y., and the Com- 
pany’s Ideas on Engineering Graduates, by M. M. Boring. 
January 14. Attendance 24. 


Kansas State College 
A Few Points from Einstein’s Theory, by Dale Nichols. 
ber 8. Attendance 75. : 
Mr. R. M. Kerchner outlined the plans for an electrical show 
to be given on Engineers Day, February 5, of Farm & Home 
Week, February 2-7. January 12. Attendance 77. 


November 


Decem- 


University of Kansas 
Transformers, by Carl A. Degering, General Electric Co. The 
lecture was illustrated. February 5. Attendance 35. 
University of Kentucky 
Political and Industrial Invasions Are Responsible for the Ad- 


vancement of Civilization, by Professor Jones, College of Arts 
and Sciences. December 18. Attendance 22. 
Lafayette College 

Transformers and Their Place in Superpower Distribution, by 
H. O. Stevens, General Electric Co. November 8. At- 
tendanee 19. 

Supplementary Radio Communication with the Pennsylvania 
Power and Light Co., by George G. Mereer. November 15. 
Attendance 11. 

Speed Control of Electric Motors, by the Electrie Control and 
Manufacturing Co. December 6. Attendance 19. 


Journal A. I. E. E. 


Transformer Design, by A. B. Foster, Packard Electric Co. The 
ee was illustrated. January 14. Attendance 19. 


University of Maine 
Relation of the Maine Public Utilities Commission to the Electrical 


Utilities of the State, by Harold D. Coffin. January 15. 
Attendance 22. 


Marquette University 

Transformer Construction and Testing, by Messrs. A. S. Hill and 
Greensward, students. A demonstration followed the 
presentation of the paper. November 138. Attendance 25. 

Developments in Motor Control, by C. T. Evans, Cutler-Hammer 
Mfe. Co. In the discussion which followed, Professor 

Douglas made a few remarks. January 29. Attendance 
yi%, 

Massachusetts Institute of Technology 

Lightning, by F. W. Peek, General Electric Co. The author 
discussed his deductions from observations of natural light- 
ning and gave an account of the operation of an artificial 
lightning generator capable of producing a potential of 
2,000,000 volts. After the talk slides and motion pictures 
were shown of the high-voltage generator in operation. 
February 5. Attendance 124. : 

Mr. A. H. Lavers, Superintendent of Buildings and Grounds, 
gave a general discussion of the new a-c. sustem on the cam- 
pus. M. J. Miller, the college electrical engineer, gave a 
detailed description of the apparatus used in, and the con- 
struction of the new system. January 27. Attendance 21. 


University of Michigan 
Two films, entitled respectively ‘“Queen of the Waves” and ‘““The 
Panama Canal,’ were shown. January 21. Attendance 230. 
School of Engineering of Milwaukee 


Superpower Projects, by Bruce Douglas, Cahill and Douglas. 
January 23. Attendance 25. 


University of Missouri 
The Introduction of the Machine Switching System in St. Louis, 
by W. O. Pennell, Southwest Bell Telephone Co.% Decem- 
ber 3. Attendance 50. 


Montana State College 
Electrical Furnaces, by J. C. Dow, Montana Power Co. 
ber 16. Attendance 128. 
A lecture, accompanied by motion pictures, was given by B. L. 


Snoddy, General Electric Co. January 13. Attendance 
108. 


Decem- 


University of Nevada 

Protective Apparatus, by Wm. Malarkey, General Electrie Co. 
Two moving pictures, entitled respectively “Operation of 
Automatic Railroad Substation and Its Apparatus’? and 
“Supervisory Relays,’ were shown. January 14. At- 
tendance 25. 

Mr. Boring, General Electric Company, gave an informal talk 
upon the work done by the students at the General Electric 
Company factory and the benefits derived from their course. 
January 28. Attendance 36. 


University of North Carolina 
Evolution of the Modern Electric Light, by Chas. E. Ray, 
Proper Office Lighting, by P. M. Rutherford, and 
Glare and Its Prevention, by B. C. Cooper. 
Attendance 20. 
Evolution of Meters and Electrical Measuring Instruments, by 
C. L. Jones, 
The Watthour Meter, by Mr. Geddy, and 


Kv-a. or Power and Demand Meter, by H. C. Klingenschmitt. 
January 15. Attendance 21. 


November 20. 


University of North Dakota 
The Cahokia Power Station in St. Louis, by Vernon Cox, and 
Submarine Cables, by lL. J. Lunas. January 19. Attendance 19. 


Ohio Northern University 
Electricity in the Steel Plant, by Nathan Clarkin, and 


Modulation in a Radio Transmitter, by Emerson Smith. Janu- 
ary 14. Attendance 23: te 


Motor Control, by Mr. Fishback. The lecture was illustrat 
January 22. Attendance 40. ne 


Electric Lighting, by P. V. Funk; and 
The X-Ray, by G. BE. Thompson. Jaunary 29. Attendance 27. 
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Telephone 


Ohio State University 


Radio Transmitting Equipment, by 8S. C. Aikenhead, Will 
; ee. Ce ‘ ard 
= pie sant a ee é ep aied account of experiments 
ion wi e broadeasting station at Cleveland. 
January 16. Attendance 40. ; ee regs 
Several films on ‘‘The Manufacture of Wire and Cable’? were 
shown. January 30. Attendance 25. 


Oklahoma Agricultural & Mechanical College 


Business Meeting. The following officers were elected: Presi- 
dent, Brent Wrigley: Vice-President, Carl Box, and Secre- 
tary-Treasurer, Kenneth Woodyard. January 20. At- 
tendance 7. 


Student Benefits from A.I. E. E., by Ivan Knight, and 


_A.T. H. E. and Progress, by Professor R. B. George. February 


3. Attendance 16. 


University of Oklahoma 


Business Meeting. Plans were discussed for the electrical display 
at the Annual Engineers Open House. January 8. At- 
tendance 20. ‘ 


Business Meeting. January 15. Attendance 29. 


Pennsylvania State College 
Super Power, by Mr. Lippman, student, and 
Work, by Mr. Lehman, student. 
Attendance 30. 
Lecture by E. B. Tuttle, Bell Telephone Co. His talk embraced 
all of the parts of the telephone system as it is now used, 
and was illustrated by appropriate moving pictures. and 


January 14. 


slides. January 20. Attendance 185. 
University of Pennsylvania 
Smoker. January 9. Attendance 80. 


Business Meeting. The banquet to be held on February 11 was 
discussed. January 20. Attendance 95. 


: Purdue University 

An Aeroplane Trip Through Europe, by C. M. Ripley, General 
Electric Co. The relation of the use of power and ma- 
chinery to the standards of living was well brought out. 
February 5. Attendance 297. 


Rhode Island State College 
Two motion pictures were shown. One was entitled ‘“‘Some 
Practical Uses of Compressed Air,” and the other one showed 
one phase of Thomas Edison’s life. December 18. At- 
tendance 45. 
Traffic Control Systems, by C. S. Rogers, General Electrie Co. 
January 8. Attendance 30. 


Rutgers University 

History of the Electric Light, by W. E. Dunn. November 3. 
Attendance 15. : 

Some Phases of the Electrification of Steam Railways, by Ww. A. 
Miller, student. A few remarks were added by Professor 
Creager. November 17. Attendance 16. 

Pole-Line Construction, by H. Crowley, student and 

Customer Ownership of Public Utilities, by L. E. Post, student. 
December 15. Attendance 6. 


University of South Dakota 
Power Development in 1924, by Mr. Slotsky. Another talk was 
given by Dr. Brackett. January 17. Attendance 6. 


University of Southern California 

Talks by H. A. McCarter and Bob. Cockfield on a.trip to the 
General Electric’s Plant. Refreshments were served. 
April 3. 

The Purposes and Objects of the E. EB. Department, by Professor 
Clark and Nye. Refreshments were served. May 6. 
Talk by Dean Waugh. A supper preceded the meeting. After 
the meeting an inspection trip to the Radio Station, KHJ, 

was taken. November 6. 

A film, entitled “Production of the 8-Cylinder Cadillac,” was 
shown. November 27. 

The Development of Power and the Reason for the First Shortage 
of Energy, by Mr. Lowery, Southern California Edison 
Company. <A moving picture was shown which presented 
the aviation program of the U. S. and the various types of 
planes used and now in construction. Joint meeting with 
A. A. E. December 18. 


Business Meeting. January 8. 
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Stanford University 

Talk by D. C. Bertrand, student, on the course as given by the 
Westinghouse Company. January 13. Attendance 25. 

Obstacles Met by the Young Engineer and How to Overcome Them, 
by Mr. Boseh, Pacifie Gas and Electric Co. Professors 
Marx and Ryan gave short talks on the work of the Student 
Branches of the A. S. M. E. and A. I. E. E., respectively. 
Joint meeting with the A. S, M. E. in the form of a smoker. 
January 27. Attendance 120. 


Swarthmore College 


The Vocational School Manin Engineering, by John J. Matthews, 
Pennsylvania State Supervisor of Industrial Education. 
Joint meeting with A. S. M. E. and Swarthmore College 
Engineers Club. January 12. Attendance 58. 


University of Texas 


Business Meeting. The following officers were elected: Presi- 
dent, A. A. Brown; Vice-President, A. M. Baker; Secretary- 
Treasurer, Jim. B. Coltharp; Critic, W. H. Hollingsworth, 
and Reporter, J. Schwab. January 8. Attendance 15. 

Business Meeting. January 22. Attendance 12. 


University of Utah 

Business Meeting. The following officers were elected: Chair- 
man, S. W. Pixton; Vice-Chairman, C. F. Coombs; and 
Seeretary-Treasurer, H. H. Tracy. October 29. At- 
tendance 12. 

Virginia Polytechnic Institute 

Laying of Oceanic Cables, by F. E. Rotenberry, 

Motor-Generator Type of Locomotive, by H. E. Coston, 

A-c. Power Transmission Versus D-c., by G. W. Bolton; and 

Electrical Conductors, Especially Copper and Aluminum, by 
J. H. Chiles. January 16. Attendance 25. 

The hele Electric Company's Test Course, by C. W. Hoilman, 
an 

Rural Electrification, by D. C. Heitshu. 
tendance 34. 


January 22. At- 


University of Virginia 

Queenstown-Chippawa Power Development, by J. E. Glick, 
student, 

Scientific Work of Joseph Henry, by H. H. Long, student, and 

Misuse of the Word Engineer, by L. R. Montfort, student. 
February 3. Attendance 15. 

State College of Washington 

Business Meeting. December 15. Attendance 22. 

Business Meeting. The following officers were elected: Presi- 
dent, Tom Hunt; Vice-President, R. Fish; Secretary, C. 
Backus; Treasurer, E. Phillipi; Reporter, R. Fridlund; 
Executive Council, C. Calbick and A. Sorenson. January 
27. Attendance 18. 


University of Washington 


World Power Conference, by C. KE. Magnusson, University of 
Washington. The main feature of Dr. Magnusson’s talk 
was the hydroelectric development in Norway and Sweden. 
John Norhadl was elected Chairman of the Branch. Decem- 
ber 9. Attendance 13. 

The Student Engineer and His Work in the General Electric 
Company's Shops, by M. M. Boring, General Eleetrie Co. 
January 16. Attendance 44. 


Addresses Wanted 


A list of names of members whose mail has been returned by 
the Postal Authorities is given below, together with the addresses 
as they now appear on the Institute records. Any member 
knowing the present address of any of these members is requested 
to communicate with the Secretary at 33 West 39th St., New 
York, N. Y. 

All members are urged to notify the Institute headquarters 
promptly of any change 1n mailing or business address, thus 
relieving the member of needless annoyance and also assuring the 
prompt delivery of Institute mail, the accuracy of our mailing 
records, and the elimination of unnecessary expense for postage 
and clerical work. 

1.—Cyril St. C. Boland, 413 N. Jackson St., Atlanta, Ga. 

2 —Edward F. Bradley, ¢/o So. Calif. Edison Co., Camp 62 
Big Creek Calif. 

3.—W. T. Chappell 3708 5th Ave., Pittsburgh, Pa. 
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4,—J. EB. Contesti, 368 West 117th St., New York, N. Y. 

5.—W. C. Finely, 211 John St., Oakland, Calif. 

6.—P. G. Fossatti, 3426 S. Michigan Blvd., Chicago, III. 

7.—Harry N. Gilbert, 379 Cottage Ave., Glen Ellyn, Il. 

8.—F. Leon Grajales, 710 No. Medina St., San Antonia, Texas. 

9.—A. Fred Hansen, 462 West 37th St., Los Angeles, Calif. 
10.—G. Hizawa Mitsubiki Shoji Kaisha 5 1 Chome Urakucho, 


Tokyo, Japan. 


11.—E. V. Karlsen, ¢/o Cons. Coppermines Corp. Kimberly, 


Nev. 


12.—I. J. Larson. 71 Roseville Ave.; Newark, N. J. 


13.—Wnm. Shiel Norton, 10 Grove St., New York, N. Y. Texas. 
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14.—David M. Oseroff, 505 12th St., Brooklyn, N. Y. ; 

15.—H. J. Phillip, 1617 So. Burlington St., Los Angeles, Calif. 

16.—W. B. Pradhan, 
bay No. 7, India. 

17.—Harry J. Rice, 58 Van Reypen St., Jersey City, N. J. 

18.—A. Shohan, Lombard, III. 

29.—Wm. G. Shull, St. George Hotel, 60th & Blackstone Ave., 
Chicago, Il. 

“0.—Gilbert H. Strand, Western States Gas & Elec. Co., Camp 


L. E. E., Gamdevi Kennedy Bridge, Bom- 


R, Placerville, Calif. 


21.—O. B. Wooten, 


Texas A. & M. College, College Station, 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers as a coop- 
erative bureau available only to their membership, and maintained by contributions from the societies and their individual 


members who are directly benefited. 


MEN AVAILABLE.—Brief announcements will be published without charge and will not be repeated, except upon 


requests received after an interval of one month. 
period of three months and are renewable upon request. 


Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th of 


the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. . 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of 810 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts in excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary recewed. 
The income contributed by the members, together with the finances appropriated by the four societies named above, will 
it is hoped, be sufficient not only to maintain, but to increase and extend the service. ‘ i 

REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case and with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment. Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


CHIEF TELEPHONE ENGINEER, well 
up in British P. O. circuits, manual boards and 
instruments for large firm of telephone manu- 
facturers in England who are developing this side 
of their business. State age, salary required and 
when free. Headquarters, London. R-5124. 

ENGINEER, with excellent technical training 
and interested in engineering work with insulation 
and processes. Some chemical training de- 
sirable. Young man preferred though previous 
experience will be of value. Apply by letter 
stating training, age and salary expected. R-5595. 


MEN AVAILABLE 


TECHNICAL GRADUATE of electrical 
engineering course from reputable college. 
Experience on General Electric Company Test 


Course. Age 23, single. Employed at present. 
Southern location preferred with reputable 
concern. Available after July 1, 1925. B-9308. 


RESEARCH ENGINEER, electrical and 
mechanical, age 36. Twelve years’ experience. 
Important accomplishments. B-208. 

GRADUATE ELECTRICALAND MECHAN- 
ICAL ENGINEER, age33, married, Protestant. 
Broad experience of twelve years, comprising 
five years steel mill production and maintenance, 
two years U. S. Navy, two years anthracite coal 
industry, two years power plant construction, 
one year valuation of public utilities. Desires 
permanent position assuring permanent residence 
with steel mill or public utility. B-8935. 

ASSISTANT PROFESSOROF ELECTRICAL 
ENGINEERING in prominent middle western 
university desires opportunity for more respon- 
sible duties. Twelve years’ teaching experience 
and three years’ practicalexperience to formgood 
foundation in both theory and practice. Will 
consider teaching position where high standards 
of scholarship are maintained, or engineering 
position dealing with electrical problems. B-9318. 


ELECTRICAL-MECHANICAL ENGI- 
NEER, wide experience in the design, in- 
stallation and rehabilitation of industrial plants, 
seeks a suitable connection as chief engineer, 
superintendent of plants, chief electrician, 
master mechanic, on actual work or in a con- 
sulting capacity. Could devote entire or part of 
his time. Will take financial interest if desirable. 
B-8327. 

ELECTRICAL ENGINEER,technical gradu- 
ate,age 26 desires responsible position withagrow- 
ing electrical concern, production, installation or 
radio development. Experienced in motor work, 
installation, wiring storage batteries. One with 
opportunities for advancement desired. Avail- 
able middle of April 1925. Location, New York 
City or New Jersey. B-9353. 

GRADUATE E. E., with about four years 
testing, design of power plants, substations, 
industrial buildings, and switchboard engineering 
experience. Desires transfer with the object of 
bettering and advancing in the field. Available 
on reasonable notice. Location, preferably New 
York or vicinity. B-8852. 

GRADUATE ENGINEER, B.S.E.E., 27, 
wishes position with public utility corporation 
in middlewest. Two years’ experience as field 
engineer in distribution engineering department 
of large western public utility corporation, and 
over a years’ experience as engineer for the 
construction department of the same organiza- 
tion. Can furnish best of references. Available 
on a weeks’ notice. B-9354. 

EKLECTRICAL ENGINEER, college graduate, 
30, ten years’ experience light and power utilities, 
design of electrical apparatus and salesmanship, 
two years G. E. test. Speaks English, Spanish 
and French fluently, knows continental business 
methods and American practices, is seeking 
position as salesman with available electrical 
firm for Central and South America. B-9367. 


ASSISTANT TO CHIEF EXECUTIVE of a 
large electric utility company desires change. 
Capable of assuming responsibilities and getting 
results in engineering and operating problems. 
Graduate E. E. with eleven years’ experience in 
consulting and utility work. Age 34, married, 
excellent health, minimum salary $5000. B-754. 

ILLUMINATING ENGINEER, technical 
graduate, five years’ experience in commercial and 
industrial lighting practice and design. Thor- 
oughly familiar with the latest developments in 
illumination. More than one years’ experience 
in sales promotion. Desires connection with 
a public service corporation or well established 
firm. Available on reasonable notice. Middle- 
west or Northwest preferred. B-9377. 

CHIEF ELECTRICIAN AND ELECTRI- 
CAL SUPERINTENDENT, desires a position 
with industrial concern or public utility. Age 26, 
married, technical education. Three years Gen- 
eral Electric test, foreman of a testing depart- 
ment, three years electrical superintendent and 
resident engineer of a large paper mill super- 
vising hydro-electric operation, maintenance and 
construction. Available at once. Eastern states 
preferred. Salary $2400. B-9390. 

GRADUATE ELECTRICAL - ENGINEER 
with two years’ experience in design and research 
with large engineering corporation, one year 
teaching in technical school and knowledge of 
three foreign languages and one foreign country. 


Desires position with manufacturing concern 
engaged in either domestic or foreign trade. 
Available on short notice. B-7830. 


INDUSTRIAL AND MECHANICAL EN- 
GINEER, experienced in factory layout, pro- 
cessing, maintenance, costs, organization, devel- 
opment of new products, research engineering 
and industrial relations. Desires new per- 
manent connection where energy and ability 
count, in either industrial or educational field. 
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low voltage lines. 


March 1925 


Age 41, married. Available two weeks or less. 
B-4137. 

ELECTRICAL ENGINEER, technical gradu- 
ate, experienced in mechanical and electrical 
design of single-phase; polyphase and direct 
current motors, desires position with firm manu- 
facturing motors. Broad experience in experi- 
mental and development work. Available on 
reasonable notice. Age 35, married B-9395 
V. P. Sparks). 

MECHANICAL OR INDUSTRIAL EN- 
GINEER, 41, married, two years factory layout, 
equipment, maintenance; one, engineerlng re- 
search and development new products. Two 
years industrial relations. Head mechanical 
engineering state university, also head depart- 
ment another prominent institution. Organiza- 
tion and administrative experience in industry. 
Available in one week. Location, preferably 
East. B-4137. 

DISTRIBUTION AND TRANSMISSION 
ENGINEER, graduate E. E., age 25, four years 
design, calculation and construction of high and 
Desires connection in the 
East. B-9401. 

ELECTRICAL CONSTRUCTION FORE- 
MAN, ten years’ experience, age 38, married, 
desires position with public utility or construction 
company. Experience in power plants, trans- 
former stations, substations and Westinghouse 
test floor. B-7514. 

GRADUATE ENGINEER, five years’ ex- 
perience in the estimating, construction and 
maintenance of transmission and distribution 
systems of a public utility. Desires a position 
with a company offering opportunities for ad- 
vancement. Present position, assistant field 
engineer. Location immaterial. Available fif- 
teen days’ notice. B-9408. 

ELECTRICAL ENGINEER, fourteen years’ 
experience design, construction and operation; 
valuation and rates; last five years with public 
utility company as manager and _ engineer, 
desires to change. Speaks German fluently. 
Age 39, married. Location preferred, West or 
Middlewest. B-9409. 

GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, age 32, married, 
ten years of experience in design and manu- 
facture of electrical apparatus and specialties. 
Good theoretical and practical knowledge of high 
tension electrical engineering. Executive and 
administrative ability, desires to connect with a 
concern located in New York or New England 
states. B-9406. 

ELECTRICAL ENGINEER, M.1.T. 1924, 
age 22, single. Desires position in the electrical 
enzineering field with prospects of experience and 
advancement. Location dependent upon op- 
portunity. Varied experience in railway, sub- 
station, construction and meter work. Available 
on two weeks’ notice. B-8503. 


INSTRUCTOR IN PHYSICS, single, 26, 
B.S.E.E., seven years’ experience teaching 
college physics prominent Eastern schools. 


Capable organizing, planning, managing courses 
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ASSOCIATES ELECTED FEBRUARY 10, 1925 


*ADAMS, CARLTON FITCH, Student, Uni- 
versity of Washington, 3714 University 
Way, Seattle, Wash. 

*ALBACH, HENRY JOHN, Night Chief Opera- 
tor, Western Union Telegraph Co., Butte, 
Mont. 

ALBAUGH, ARTHUR, Technical Assistant to 
Electrical Engineer, Consolidated Gas, Elec- 
tric Light & Power Co., Baltimore; res., 
Hamilton, Md. 

*ALGER, PRENTISS B., Construction In- 
spector, Boston Edison Laboratory, Mass. 
Ave., Boston; res., Brookline, Mass. 
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INSTITUTE AND RELATED ACTIVITIES 


involving lecture, laboratory, quiz. 
considerable graduate study, some research. 
M.A. June. Wish instructorship large school 
offering good opportunity for advanced research 
leading to Ph. D. Available September. Loca- 
tion not material. B-7644. 

ELECTRICAL ENGINEER, married, 29, 
B. S. in Eng. 1921. Experienced power house 
construction and maintenance, high tension sub- 
station construction and maintenance, mine 
electrical installations and inspections. Present 
employed as division distribution engineer by 
large public utility. Desires position distribu- 
tion engineer with public utility or consulting 


Have done 


engineers. Would also consider construction 
work. B-7047. 
ELECTRICAL ENGINEER, university 


graduate, age 35, married, no children. Broad 
experience in installation, operation and mainte- 
nance of electrical and machanical equipment in 
coal and metal mining and industrial plants, also’ 
experienced in power houses, high voltage trans- 
mission, substations and distribution. Desires 
responsible position in charge of»such work. 
Would consider position abroad. B-9113. 

ASSISTANT EXECUTIVE technicalgraduate, 
33, married, desires connection with progressive 
company in commercial capacity, or industrial 
engineering firm. Work has covered manu- 
facturing, time studies, plant layout, distribution 
systems, costs, sales, advertising and statistical 
studies of expenses, revenues and other adminis- 
trative problems. Location, New York, New 
England. Available reasonable notice. B-9122. 

MANUFACTURING ,EXEOUTIVE, 35, 
married graduate of M.I.T. in chemical en- 
gineering. Has has wide esperience in manu- 
facturing development and financial work. 
Familiar with acid, alkali, coal tar, dyestuff 
and typographical industries. Experienced in 
operation, production and research work and 
modern accounting and control systems. Prefers 
New York City or New Jersey. B-9421. 


ELECTRICIAN, six years’ experience in 
electrical construction and maintenance. Tech- 
nical education. At present an electrical con- 
tractor, but desires change. Location, Chicago. 
B-7513. 

ELECTRICAL ENGINEERING GRADU- 
ATE, age 27, having had experience in testing, 
electrical transmission, distribution and mainte- 
nance. At present connected with large public 
utility in middlewest. Desires responsible posi- 
tion with public utility or manufacturing com- 
pany. Available on ten days’ notice. B-9414. 


ELECTRICAL ENGINEER, experienced in 
design, manufacture, and testing of rubber, paper 
and varnished cambric transmission and dis- 
tribution cable. Desires a position with either a 
cable manufacturer or firm of high standing 
consulting engineers. Available on two weeks’ 
notice. Locate anywhere. B-9120. 

ELECTRICAL ENGINEER, seven years’ 
experience on generating and substation design, 
desires connection with public utility, engineering 


*AMES, WALTER C., Jr., Asst., Dept. of Elec. 
Engg. Massachusetts Institute of Tech- 
nology, Cambridge, Mass.; for mail, Smith- 


field, Va. 

*ANDERSON, DAN, Electrical Engineer, H. 8. 
Taylor, 285 Beaver Hall Hill, Montreal, 
Que., Can. 


*ANDRICH, JOHN, Surveyor, United Staves 
Reclamation Service, Pilot, Wyo. 


*APPLEBY, HARRY ADDISON, Chief Drafts- 
man, Signal Engineer’s Office, Atchison, 
Topeka & Santa Fe Ry., La Junta, Colo. 
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or construction company. Age 27, married; 
available one week, salary $3000. B-9423. 
ELECTRICAL ENGINEER, 38, graduate 
Northwestern college, B. S. and BE. EB. degrees. 
Broad experience testing, design, installation, 
layout, specification; supervision buildings, 
industrial installations for light, power and 
signal systems. Five years present executive 
position paying $4500 large Detroit firm. De- 
sires electrical position with responsible firm in 
Northwest. Available thirty days’ notice. B-9422, 


MECHANICAL AND ELECTRICAL 
ENGINEER with twenty years’ experience im 
the design, erection and operation of the me-. 
chanical and electrical equipments used about. 
coal mines. A good executive, can handle men 
and can cooperate with others. Excellent 
experience in power plant management. B-5088. 

DESIGNING ENGINEER, B. SQ. E. E. 
1923, experienced in electrical contracting, 
estimating and designing of electrical work for 
light and power in large buildings. Location 
immaterial. Minimum salary $2400 in the 
United States, $3600 foreign. B-9433. 


ELECTRICAL ENGINEER, B. S. M. E. 
and EH. EH. 1916, 29, excellent physique. Nine 
years’ experience in design and application electric 
generating plant and substation machines, also 
auxiliaries. Desires position with consulting 
engineer, construction company, power company, 
where there is need for man with engineering and 


executive ability. Present salary $3600. Avail- 
able reasonable notice. B-9432. 
ENGINEER-EXECUTIVE, electrical, in- 


dustrial or constructional; B. S. degree E. E. 
1915, 32, married. Experience; two years” 
graduate apprentice work Westinghouse Electric 
and Manufacturing Company, two years officer 
U. S. Army, five years plant engineer covering 
time study, rate setting, efficiency and production 
work, one year substation construction work. 
Employed, available reasonable notice. B-9436. 

RECENT GRADUATE in electrical en- 
gineering from a well known university, desires a 
position abroad in either India, Cuba, West 
Indies or South America. Age 24, single. 
Would prefer a position either in operation or 
transmission. B-9434. 

ASSISTANT ENGINEER, 32, married, 
engineering graduate of Eastern university. 
Eight years’ experience as electrical inspector, 
draftsman, chief electrical draftsman, junior 
engineer and assistant consulting engineer. 
Prefers permanent position as assistant engineer 
along consulting lines or in a medium sized plant. 
Available at once. Location, East or Middlewest. 
B 6552. 

RESEARCH ENGINEER, 44, married, elec- 
trical electrochemical engineer, competent carry 
on-research design patent work. Wide recent ex- 
perience along these lines. Accustomed control 
working staff. Also power plant and transmission 
line design, college and extensive practical experi- 
enceover periodofyears. Availableatshortnotice. 
Location, Canada or United States. B-9279. 


snesedvnanaceneeneaenencanan tent 


ATTERLING, KARL GUSTAF, Draftsman, 
Trans. Dept., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh; res., Wilkinsburg, Pa. 

AVERY, SIDNEY HYDE, Railway Commercial 
Dept., General Electric Co., Schenectady, 
IN Yes . 

BACH, LOUIS, Draftsman, 312 E. 8th St., 
New York, N. Y. 

*BAIR, RALPH SHERMAN, Electrical Engi- 
neer, Western Electric Co., Inc., 463 West 
St., New York, N. Y. 

BAKER; IRVIN T., Electrical Designer, Con- 
solidated Gas, Electric Light & Power Co., 
Baltimore, Md. 
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*BALDWIN, MORRIS JUDSON, Testing Dept., 
General Electric Co., Schenectady, N. Y.; 
for mail, Pittsfield, Mass. 

BARDSLEY, CHARLES E., Electrical Con- 
tractor, Bardsley-Riley Electric Co., New- 
port, Re 1. 

*BARRELL, ROBERT WEBB, Jr., Mine 
Locomotive Engg. Dept., General Electric 
Co., Erie, Pa. 

BARROWS, KENNETH CAMPBELL, New 
Business Manager, Midwest Power Co., 
Devils Lake, N. D. 

BARTELS, DUDLEY, District Engineer, Cana- 
dian General Electric Co., 1065 Pender St., 
Vancouver, B. C., Can. 

BAUER, JOHN A., Planning & Estimating 
Engineer, Western Electric Co., Inc., 268 
W. 36th St., New York, N. Y. 

BECKERT, ELMER HENRY, Asst. Designing 
Engineer, Switchboard Dept., General Elec- 
tric Co., Schenectady, N. Y. 

*BELFREY, RALPH SHERMAN, Instructor 
on Relays & Switches, Northern Electric Co., 
Ltd., 131 Simcoe St., Toronto, Ont., Can. 

BELLINGER, FRED WARNER, Electrical 
Superintendent, Butte, Anaconda & Pacific 
Ry. Co., Anaconda, Mont. 

*BEMENT, DAVID LESLIE, Asst., Superin- 
tendent, Northern Indiana Gas & Electric 
Co., 571 Hohman St., Hammond. Ind. 

*BENNETT, LORNE McDOUGAL, Cost Engi- 
neer, The Cleveland Railway Co., 700 Hanna 
Bldg., Cleveland; res., Lakewood, Ohio. 

*BENSON, WILFRED RAYMOND, Field Engi- 
neer, Bell Telephone Co. of Canada, Toronto, 
Ont., Can. 

BENTLEY, WILLIAM HEATHCOTE, Asst. 
Engineer, Dept. of Telephones, Regina, 
Sask., Can. 

BERGSTRASER, ELMER JEROME, Asst. 
Electrical Engineer, Murrie & Co., New 
York; res., Jamaica, N.Y. 

*BETTS, PHILANDER HAMMER, Engineer, 
Western Electric Co., Inc., 463 West St., 
New York, N. Y. 

*BJORNSON, BJORN GUTMUNDSSON, Asst. 
Engineer, Western Electric Co., Inc., 463 
West St., New York; res., Brooklyn, N. Y. 

*BLOMQUIST, HAROLD ROBERT, Electrical 
Designer, Stone & Webster, Inc., 147 Milk 
St., Boston, Mass. 

*BOORUJY, GEORGE, Electrical Contractor, 
10 Lafayette Ave., Summit, N. J. 

*BOROKHOVICH, JOHN A., Elec. Construction 
Inspector, Brooklyn Edison Co., Pearl & 
Willoughby Sts., Brooklyn; res., New 
Brighton, S.1., N. Y. 

*BOSSERT, JOHN L., Electrical Designer, 
Stevens & Wood, 120 Broadway, New York; 
res., Brooklyn, N. Y. 

BOUNCE, PAUL REVERE, Electrical Design- 
ing Engineer, Westinghouse Elec. & Mfg. 
Co., Sharon, Pa. 

*BOWKER, EDGAR I., Milwaukee Electric 
Railway & Light Co., 210 Public Service 
Bldg., Milwaukee, Wis. 

BRIEFS, CURT, Designing Engineer, Electric 
Bond & Share Co., 71 Broadway, New York, 
N. Y.;res., Jersey City, N. J. 

BRONSON, GEORGE ALLEN, Electrician, 
General Electric Co., Erie, Pa. 

BROWN, BERNT NICOLAI, Electric Testing, 
Electrical Testing Laboratories, 540 E. 80th 
St., New York; res., Brooklyn, N. Y. 

BROWN, HENRY JAMES, Head of Section, 
Testing Dept., General Electric Co., Schenec- 
tady, N. Y. 

BROWN, HERBERT DUNHAM, Electrical 
Engineer, General Electric Co., Schenectady, 
INS Y% 

BROWN, RAYMOND LESTER, Sales Engi- 
neer, The New Departure Mfg. Co., Bristol, 
Conn. 

*BROWN, ROY JAMES, Demonstrator in 
Electrical Engineering, University of Toronto, 
Elec. Bldg., Toronto; for mail, Acton, Ont., 
Can. 


INSTITUTE AND RELATED ACTIVITIES 


*BROWNELL, HAROLD SPENCER, Elec. 
Estimate Man, Engg. Dept., Birmingham 
Electric Co., 2100 North ist Ave., Birming- 
ham, Ala. 

BRUN, OSCAR, Jr., Motor Testing, Century 
Electric Mfg. Co., St. Louis, Mo. 

*BRUNS, WILLIAM H. Asst. to Test Engineer, 
Otis Elevator Co., Yonkers; res., New York, 
ITZ 5 

BUECHE, HARRY STEPHEN, Station Tester, 
Brooklyn Edison Co., 14 Rockwell Place, 
Brooklyn, N. Y. 

*BURLINGAME, ROBERT ELMORE, Stu- 
dent, Elec. Engg. Dept., University of Minne- 
sota, Minneapolis, Minn. 

*BUTTERWORTH, PERCY TAYLOR, Trouble 
Dispatcher, Edison Electric Iuminating Co. 
of Boston, 39 Boylston St., Boston, Mass. 

CAMPKIN, WILBERT LEE, Head Switchman, 
Regina Auto. Exchange. Saskatchewan 
Government Telephones, Cor. Lorne & 12th, 
Regina, Sask., Can. 

CAREY, EDWARD F., Electrical Construction 


Foreman, Dwight P. Robinson Co., Inc., 
3722 Fifth Ave., Pittsburgh, Pa. 
CAREY, JASON OC., Engineer, Distribution 


Dept., Southern California Edison Co., 306 
W. 3rd St., Los Angeles, Calif. 

*CARL, WELLINGTON C., Electrical Engineer, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; res., Wilkinsburg, Pa. 

CASKEY, JOSEPH FORREST, Supt. of Tele- 
graph, Lehigh Valley Railroad, Bethlehem, 
Pa. 

*CAVERLEY, LOYST CERYL, Asst. in Elec. 
Hngg., Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

*CHATHAM, CLYDE LARZELERH, Engineer, 
Public Service Electric & Gas Co., Prospect 
& Van Houten Sts., Paterson, N. J. 

*CHILBERG, ELMER N., Switchboard Engg. 
Dept., General Electric Co., Schenectady, 
N.Y. 

*CHOLICK, JOHN GEORGE, Student, Oregon 
Institute of Technology, Portland, Ore. 
CHRISTOPHER, PERCY CHARLES, Shop 
Foreman, General Electric Co. Service Shop, 

1508 4th Ave., So., Seattle, Wash. 

*CLARK, LEMORE WILDER, General Engi- 
neer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Pittsburgh, Pa. 

CLARKE, RICHARD JOSEPH, Electrical Engi- 
neer & Contractor, 17 Gt. Brunswick St., 
Dublin, Ireland. 

*OLEARY, JOHN VINCENT, Substation Opera- 
tor, Third Avenue Railway Co. of New York, 
175th St. & Southern Blvd., Bronx, New 
York, IN. ¥: 

*CLEMENT, NEAL F., Draftsman, Oleveland 
Union Terminals Co., Ulmer Bldg., Cleve- 
land, Ohio. 

*CLEVELAND, HARRY ROLAND, Jr., 
dent, Danville, Que., Can. 

*CODY, MARTIN F., Jr., Asst. Electrical Engi- 
neer, Board of Education, Flatbush Ave. 
& Concord St., Brooklyn; res., Elmhurst, 
N. Y. 

*COE, SIMEON M., Jn., Manager, Emergency 
Engineering Co., Sterling, Il. 

*COLEMAN, JOHN B., Engineer in Charge, 
Radio Station WBZ, Springfield, Mass. 

*COLYER, HOLLIS J., Engineer, Michigan Bell 


Stu- 


Telephone Co., 1365 Cass Ave., Detroit, 
Mich. 
*CONE, JAMES HOLWAY, Field Engineer, 


Distribution Engg. Dept., West Penn Power 
Co., 18 Wood St., Pittsburgh; res., Wilkins- 
burg, Pa. 
CONEWAY, CHARLES WESLEY, Student, 
Purdue University, West Lafayette, Ind. 
*CONNER, GEORGE W., Jr., 
Pomeroy's Inc., Reading, Pa. 

*CONNON, WILLIAM DEWEY, Engineering 
Assistant, Bell Telephone Co. of Penna., 
261 N. Broad St., Philadelphia, Pa. 


Salesman, 


Juornal A. I. E. BE. 


COOK, JOHN H., Asst. Switchboard Operator, 
Northeast Power House, Kansas City Power 
& Light Co., Kansas City; res., Independence, 
Mo. 

*CORRADO, ANTHONY, 5613 Church Court, 
Chicago, Ill. 

*COSTENOBLE, ERICH H., Substation Opera- 
tor, Philadelphia Electric Co., Germantown 
& Moreland Aves., Philadelphia, Pa. 

*COX, JOSEPH HERBERT, Engineer, P. 1. & 
T. Engg. Dept., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

COX, WALTER RONALD, Senior Switchgear 
Draughtsman, General Electric Co., Ltd., 
Witton, Birmingham; for mail, London, 
W.C. 2, England. 

*ORAGO, ALAN C., Research Engineer, Westing- 
house Elec. & Mfg. Co., East Pittsburgh: 
res., Wilkinsburg, Pa. 

*CORAVENS, RUSSELL C., 
Indiana Service Corp., 
Plant, Fort Wayne, Ind. 

*ORIVY, ALFRED, Electrical Draftsman, City 
of New York, Municipal Bldg., New York, 
NAY? 

CROFUT, WILLIAM, Inspector, 
Dept., Brooklyn Edison Co., 
Ave., Brooklyn, N. Y. 

*DAHL, HAROLD WILLIAM, Electrical Engi- 
neer, Electric Machine Mfg. Co., 14th & 
Tyler St., N. E., Minneapolis. Minn. 

DANI, ANTHONY, Asst. Engineer, American 
Tel. & Tel. Co., 24 Walker St., New York, | 
Ne Ys 

DANIA, GEORGE, Draftsman, Electrical Dept., 
New York Central Railroad, 466 Lexington 
Ave., New York, N. Y. 

DAVENPORT, THOMAS LELAND, Foreman, 
Elec. Construction Dept... Union Gas & 
Electric Co., 1107 Plum St., Cincinnati, Ohio. 

*DAVIDSON, JOSEPH, Junior Asst. Engineer 
with State Engineer, Albany; res., Hoosick 
Falls, N. Y. 

DAVOLIO, UMBERTO, Electrical Draftsman & 


Test Engineer, 
Spy Run Power 


Elec. Engg. 
561 Grand 


Estimator, Thompson-Starrett Co., New 
Morls,NeW2 
*DAY, HOWARD BLOODGOOD, Engineer, 


Sales Dept., The Holtzer-Cabot Electric Co., 
101 Park <A:ve:., (News York; Na Yee res. 
Westfield, N. J. 

DENNIS, OLIVER HENRY, Central Office 
Installer, Southwestern Bell Telephone Co., 
Kinloch Bldg., 10th & Locust Sts., St. 
Louis, Mo. 

DETLOR, WILLIAM KENNETH, Telephone 
Engineer, Bell Telephone Co. of Canada, 
118 Notre Dame St., West, Montreal, Que., 
Can. 

*DE TURK, ELI R.S., Test Work, Westinghouse 
Elec. & Mfg. Co., 818 South Ave., East 
Pittsburgh; res., Wilkinsburg, Pa. 

DEVLIN, ROBERT VINCENT, Engineer, 
Mine Locomotive Dept., General Electric 
Co., Erie, Pa. 

DHIR, RUP CHAND, Student, University of 
Wisconsin, 25 S. Randall St., Madison, Wis. 

*DIEFENBACH, LOWELL TOMAN, Testing 
Engineer, Commonwealth Edison Co., 28 
N. Market St., Chicago, Ill. 

*DIEHM, CHARLES, Substation Battery Con- 
struction, Electric Storage Battery Co., 
19th & Allegheny Ave., Philadelphia, Pa. 

*DOMINGUES, LOUIS, Student Engineer, 
General Electric Co., Schenectady, N. Y.; 
res., Pittsfield, Mass. 

*DORMER, WILLIAM JOHN SMYLIE, Engi- 
neer, Bell Telephone Co. of Canada, 47 
Ontario St., W., Montreal; for mail, Verdun, 
Que., Can. 

*DRAZEN, ALEAZAR MICHAEL, 5123 Ray- 
mond Ave., St. Louis, Mo. 

DUNHAM, FRANCIS EDWARD, Electrical 
Engineer, Central Station Engg. Dept., 
General Electric Co., Schenectady, N. Y. 

*DUTTON, WATSON POTTER, Student Radio 


Engineer, General Electric Co., Radio Test, 
Schenectady, N. Y. 
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*EACKER, EARL H., Asst. Superintendent, 
Charlestown Gas & Electric Cc., 27 Main 
St., Charlestown: res., Brookline, Mass. 

ECKEL, CARL H., Student Engineer, Testing 
ite General Electric Co., Schenectady, 

*EDE, FRANK CEEYIN, Experimental Tester, 
Standardizing Laboratory, General Electric 
Co., West Lynn; for mail, Boston, Mass. 

EINHART, HARVEY, Turbine Testing Dept., 
General Electric Co., Schenectady, N. Y. 

*EITMAN, JOSEPH FREDERIOK, Designing 
Engineer, Transformer Engg. Dept., General 
Electric Co., Fort Wayne, Ind. 

*ELDER, CLAYTON THOMAS, Illuminating 
Engineer, Cleveland Electric LTluminating 
Co., Illuminating Bldg., Cleveland, Ohio. 

ELLIS, F. C., Research Engineer, 420 Wrigley 
Bldg., Chicago, Ill. 

*ELLIS, WALTER RAYMOND, Engineer, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; res., Wilkinsburg, Pa. 

*ELMOREH, PITTS, Student, Elec. Engg. Dept., 
Oregon Agricultural College, 427 S. 5th St., 
Corvallis, Ore. 

*ENNIS, FREDERICK JOHN, Sales Corre- 
spondent, A. J. Reed, 2401 Chestnut St., 
Philadelphia, Pa.; res., Palmyra, N. J. 

FAIKE, JOHN A., Electrical Engineer, West- 
inghouse Elec. & Mfg. Co., 3rd & Elm Sts., 
Cincinnati; res., Norwood, Ohio. 

*FALLON, GLOVER PATTERSON, Technical 
Assistant Engineer, Consolidated Gas, Elec- 
tric Light & Power Co., Monument & 
Constitution Sts., Baltimore; res., Roland 
Park, Md. 

*FELLER, JOHN EDWARD, Tester, New York 
Edison Co., 667, Ist Ave., New York, N. Y.; 
res., Springfield, Ohio. — 

*FIELD, RUSSELL MORSE, Engineer, Elec. 
Engg. Dept., Worcester Polytechnic Insti- 
tute, Worcester, Mass. 

*PINDLEY, RUSSELL LYND, Designing 
Engineer, Power Engg. Dept., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh; res., 
Wilkinsburg, Pa. 

FISHER, LEANDER WINSOR, Draftsman, 
Engg. Dept., Public Service Co. of Northern 

2 Illinois, Evanston, Ill. 

FLEMING, HENRY F., Designer, Philadelphia 
Electric Co., 1000 Chestnut St., Philadel- 
phia, Pa. 

*FLETCHER, LOUIS DUBOIS, Jr., Asst. 
Examiner, United States Patent Office, 
“Div. 2, Washington, D. C. 

*FORNEY, CHARLES DAVID, Tester, United 
Electric Light & Power Co., 514 W. 147th 
St., New York, N. Y. 

*FOSTER, DUDLEY EDWARDS, Electrical 
Engineer, Electrical Alloy Co., Morristown, 
Info 

FOSTER, HUBERT F., District Engineer, 
Consumers Power Co., 129-131 Pearl St., 
Grand Rapids, Mich. 

*PRAZIER, RICHARD HENRY, Electrical 
Engineer, Railway & Industrial Engineering 
Co., Greensburg, Pa. 

*PFREEMAN, AARON, Plant Instructor, Chesa- 
peake & Potomac Telephone Co., 3913 Kate 
Ave., Baltimore, Md. 

FREEMAN, CARL E., Superintendent, Power 
House, York Haven Water & Power Co., 
York Haven, Pa. 

*FRENCH, GHORGE BRADLEY, Salesman, 
Landers, Frary & Clark of New Britain, 
266 Pearl St., Hartford, Conn. 

FREERICKS, BERNARD, Jr., Supervisor, 
Freed-Eiseman Radio Corp., Sperry Bldg., 
Brooklyn; res., New York, N. Ys. 

*PREY, ARTHUR PAGE, Automatic Sub- 
station Inspector, United Railways & Elec- 
tric Co., 908 Continental Bldg., Baltimore, 
Md. 

FRIEDMANN, LOUIS, Electrical Engineer, 
The New York Edison Co., Waterside 
Station, Ist Ave. & 40th St., New York, N.Y. 


INSTITUTE AND RELATED ACTIVITIES 


FUDGE, LAWRENCE, Engg. Dept., General 
Electric Co., 609 Colman Bldg., Seattle, 
Wash. 

*PFULLER, HUBER E., Tester, Duquesne Light 
Co., 2101 Beaver Ave., Pittsburgh; res., 
Bellevue, Pa. 

*GAFFORD, BURNS NEWMAN, Instructor, 
Elec. Engg. Dept., University of Texas, 
Austin, Texas. 

*GALE, RALPH ELLIOT, Designer, 
Power Co., Boise, Idaho. 

*GALLAGER, JACOB BOON, Engineer in 
training, Philadelphia Electric Co., Chester; 
res., Glenolden, Pa. 

*GARRETT, RUSSELL A., Hydraulic Mainte- 
nance Engineer, Consumers Power OCo., 
244 W. Michigan Ave., Jackson, Mich. 

*GARVER, HARRY LEWD, Requisition Engi- 
neer, General Electric Co., 211 Seward Place, 
Schenectady, N. Y. 

*GATES, HENRY STILLMAN, Electrical 
Engineer, Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

GEGOU, PAUL HENRY, Cable Electrician, 
New York Station, French Cable Co., 25 
Broad St., New York, N. Y. 

*GEIGER, DOUGLAS GEORGE, Telephone 
Electric Engineer, Bell Telephone Co. of 
Canada, 118 Notre Dame St., W., Montreal, 
Que., Can. 

GERATY, GEORGE C., Jr., Electrical Engineer, 
Electrical Contracting Co., 844 Rush St., 
Chicago, Il. 

GILBERT, RALPH HALLETT, Asst. Engineer, 
New York Telephone Co., 104 Broad St., 
New York, N. Y. 

*GILKESON, CHARLES L., Technical Assist- 
ant, Trans. & Distr. Dept., The Philadelphia 
Electric Co., 2301 Market St., Philadelphia, 
Pa. 

GILMARTIN, THOMAS V., First Grade 
Tester, New York & Queens Elec. Lt. & Pr. 
Co., Lawrence & Amity Sts., Flushing; res., 
Elmhurst, N. Y. 

*GOLDSMITH, HARRY WOLFE, Quotation 
Division, General Electric Co., 1321 Walnut 
St., Philadelphia, Pa. 

*GOODENOW, REGINALD MARTIN, Elec- 
trical Designer, Stackpole Carbon Co., St. 
Marys, Pa. 

*GOUGHNOUR, WARD CABLE, Field Engi- 
neer, General Electric Co., Pittsfield, Mass. 

*GRANDY, LEWIS STEPHEN, Instructor, 
Elec. Engg. Dept., Dunham Laboratory, 
Yale University, New Haven, Conn. 

GRANT, ARTHUR GORDON, Wire Chief, 
Moose Jaw Exchange, Dept. of Telephones, 
Moose Jaw, Sask., Can. 

*GRAVES, HERBERT PATRICK, Engineer, 
Bell Telephone Co. of Penna., 416 7th Ave., 
Pittsburgh, Pa. 

*GRAY, PAUL MILTON, Instructor, Elec. Engg. 
Dept., University of North Carolina, Chapel 
Hill, N. C. 

*GREENE, HARRY ASHLAND, Jr., Con- 
sulting Radio Engineer, 313 Lighthouse Ave., 
Monterey, Calif. 

GRIESEMER, OLIN ALFRED, Electrical Engi- 
neer, Lehigh Portland Cement Co., Coplay, 
Ormrod, Pa. 

*GRIMSHAW, HERBERT REGINALD, Opera” 
ting Engineer, Tennessee Electric Power Co., 
Cleveland, Tenn. 

*GROEGER, ROSCOE CHARLES, Electrical 
Engineer, Northwestern Electric Co., 408 
S. Hoyne Ave., Chicago, Ml. 

xGROSSER, GEORGE ELWOOD,  Switch- 
board Engineer, Automatic Sec., Westing- 
house Elec. & Mfg. Co., East Pittsburgh; res., 
Wilkinsburg, Pa. 

GUIDA, THOS. JOHN, Asst. Electrical Engi- 
neer, Unign Carbide & Carbon Research 
Laboratory, Thompson Ave. & Manley S8t., 
Long Island City; res., Corona, Nii 


HAEDLER, HANS, Chief Engineer, Best Foods: 
Inc., 1900 Bryant St., San Francisco, Calif: 


Idaho 
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*HAGGERTY, JOHN J., Contractor, 634 N. 
Lincoln Ave., Scranton, Pa. 

HAMILL, JOHN WALTER, Construction Engi- 
neer, The Dingle Clark Co., 435 Engineers 
Bldg., Cleveland, Ohio. 

HANSON, FREDERICK E., Methods Engineer, 
Western Electric Co., Inc., 268 W. 36th St., 
New York; res., Brooklyn, N. Y. 

*HARDCASTLE, EDWARD, Engineer's Assist- 
ant, United Electric Light & Power Co., New 
Yorks, Ni ys 

HARDSOG, HARRY NEWTON, 
School of Electrical Engineering, 
University, West Lafayette, Ind. 

*HARRIS, LEO KERN, Testing Dept., General 
Electric Co., Schenectady, N. Y. 

*HARTMAN, HOWARD WILLIAM, Apparatus 
Layout, Research Lab., General Electric Co., 
Schenectady, N. Y. 

*HAWKINS, RALPH MEREDITH, Student in 
Electrical Engineering, University of Toronto, 
Toronto, Ont., Can. 

HEALY, WILLIAM LEWIS, Electrical Engi- 
neer, H. L. Cooper & Co., U. S. Engineer 
Office, Wilson Dam, Florence, Ala. 

HEATH, EDWARD BEAUMONT, Test Man, 
General Electric Co., Schenectady; res. 
Scotia, N. Y. 

HEFLIN, NEAL MINTER, Statistician, Monon- 
gahela West Penn Public Service Co., 503 
Bethlehem Blidg., Fairmont, W. Va. 

HERLIHY, JOHN A., Asst. Superintendent, 
Supply Dept., Edison Electric Illuminating 
Co. of Boston, 39 Boylston St., Boston, Mass. 

HESS, WILLIAM TALMAN, Engineer, Under- 
ground Dist., New Orleans Public Service, 
Tnec., 1804 Tchoupitoulas St., New Orleans, 
La. 

*HICKERNELL, LATIMER FARRINGTON, 
Asst. Investigation Engineer, Elec. Engg. 
Dept., Commonwealth Power Corp., Jackson, 
Mich. 

*HIRSCHEL, LESLIE, Electrical Tester, Wil- 
liamsburg Power Plant Corp., 500 Kent Ave., 
Brooklyn: res., Woodhaven, N. Y. 

*HOFF, CARL JOHAN REINHARDT, Drafts- 
man, Edison Illuminating Co. of Boston, 39 
Boylston St.. Boston, Mass. 

*HOMAN, CHARLES WILLIAM, Electrical 
Inspector, Brooklyn Edison Co., Inc., 561 
Grand Ave., Brooklyn, N. Y. 

HOOPER, ROSCOBH, Supt. of Telegraph, The 
Kansas City Southern Railway Co., 11th 
& Wyandotte Sts., Kansas City, Mo. 

HORNE, JAMHBES, Electrician, Construction 
Dept., New York Edison Co., Irving Place 
& 15th St., New York, N. Y. 

*HOUGH, EUGENE LAWRENCE, Designing 
Engineer, Switchboard Dept., General Elec- 
tric Co., Schenectady, N. Y. 

*HOUSER, KENNETH O., Transformer Sales 
Engineer, General Electric Co., Pittsfield, 
Mass. 

*HOWE, GLENN ELLIOTT, Testing Dept., 
Southern California Edison Co., Alhambra; 
res., Los Angeles, Calif. 


Student, 
Purdue 


HOWES, FREDERICK STANLEY, Junior 
Demonstrator, Elec. Laboratory, McGill 
University, Engg. Bldg., Montreal, Que., 
Can. 


*HUBBARD, FRANK AARON, Radio Research 
Engineer, Western Electric Co., Inc., 463 
West St., New York, N.Y. 

*HUDACK, JOHN MARTIN, Electrical Engi- 
neer, Western Electric Co., Inc., 463 West 
St., New York, N. Y. 

HUDSON, HUBERT LESLIE, Chief Clerk, 
Service Shop, General Electric Co., 1508, 
4th Ave., South, Seattle, Wash. 

*HUGHES, EDGAR TEMPLE, Material Engi- 
neer, Phoenix Utility Co., Hazleton, Pa. 
*HUNT, ORVILLE DON, Instructor, Elec. Engg. 
Dept., Kansas State Agricultural College, 

Manhattan, Kans. 

*ILGENFRITZ, PAUL, Draftsman, Southern 
California Edison Co., 2nd & Boylston Sts., 
Los Angeles; for mail, Pomona, Calif. 
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*xIMBURGIA, CHARLES, Asst. Elec. Engineer, 
«# American Gas & Electric Co., 30 Church St., 
&@ New York; res., Brooklyn, N. Y. 

*ISRAEL, DORMAN D., Radio Engineer, 

wi&Cleartone Radio Co., McMillan Ave. & 
Essex Place, Cincinnati, Ohio. 

*JACKSON, RUSSELL R., Traffic Engineer, 

hssayg Ohio Bell Telephone Co., 76 South High St., 

"8 § Akron, Ohio. 

4JARVIS, KENNETH WARNER, Radio Engi- 
neer, Crosley Radio Corp., Cincinnati, Ohio. 

*JOHNS, FRANCIS J., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh; res., Wilkins- 
burg, Pa. 

JOHNSON, ALBERT L., General Manager 
Minerallac Electric Co., 1045 Washingto, 
Blvd., Chicago, I. 

JOHNSON, ERLAND, Draftsman, Allis-Chal- 
mers Mfg. Co., West Allis; res., Milwaukee, 
Wis. 

*JOHNSON, GEORGE HERBERT, Engineer, 
The Pacific Tel. & Tel. Co., 421 Sheldon 
Bldg., San Francisco; for mail, Berkeley, 
Calif. 

*JOHNSTON, ANDREW MOREY, Draftsman, 
The Steel Co. of Canada, Ltd., Hamilton, 
Ont., Can. 

*JONES, EVAN R., Instructor in Engineering 
Physics, University of Colorado, Boulder; 
res., Englewood, Colo. 

JONES, J. W., Manufacturers Agent, Weston 
Electrical Instrument Co., 611 Granite Bldg., 
St. Louis, Mo. 

JONES, TOM B., Sales Engineer, Century 
Electric Co., 1827 Pine St., St. Louis, Mo. 

JOY, JOHN M., Test Engineer, Connecticut 
Light & Power Co., 111 W. Main St., 
Waterbury, Conn. 

JUERGENS, WALTER A., Salesman, Reliance 
Electric & Engineering Co., 622 Union 
Central Bldg., Cincinnati, Ohio. 

*KAHN, FRANK, Research & Investigation, 
Philadelphia Electric Co., 2301 Market St., 
Philadelphia, Pa. 

KALEM, JOHN CHRYSOSTOM, Appraisal 
Engineer, Murrie Co., Inc., 45 E. 17th St., 
New York, N. Y. 

*KAMM, J. LLOYD, Engineering Dept., 
National Lamp Works of General Electric 
Co., Nela Park, Cleveland; res., East Cleve- 
land, Ohio. 

*KATZMAN, JACOB, Electrical Testing, Dubi- 
lier Condenser & Radio Corp., 48 W. 4th St., 
New York, N. Y. 

*KEELY, CLIFFORD D., Sales & Service 
Representative, Westinghouse Union Battery 
Co., 109 W. 64th St., North Bergen, N. J. 

*KEENE, ELMER L., Asst. Foreman, Trans- 
former Test, Westinghose Elec. & Mfg. Co., 
East Pittsburgh; res., Wilkinsburg, Pa. 

*KHENER, JACOB, Electrical Contractor, 
Elsdon Electric Co., 5608 S. Sawyer Ave., 
Chicago, Ill 

*KEITH, WAYNE EVARTS, Engineering As- 
sistant, New England Tel. & Tel. Co., 50 
Oliver St., Boston; res., Campello, Mass. 

KENNARD, GEORGE ARTHUR, Maintenance 
Electrician, Kansas City Power & Light Co., 
Northeast Station, Kansas City, Mo. 

KENNER, ARTHUR, Telephone Systems Engi- 
neering, Western Electric Co., Inc., 468 
West St., New York, N. Y. 

*KENRICK, GLEASON WILLIS, Instructor, 
Elec. Engg. Dept., Masschusetts Institute of 
Technology, Cambridge; res., Brockton, 
Mass. 

*KENT, HARRY EDMUND, Research As- 
sociate, Headquarters Engg. Staff, National 
Electric Light Association, 29 W. 39th St., 
New York; res., Providence, R. I. 

*KERCHNER, RUSSELL M., Instructor, Elec. 
Engg. Dept., Kansas State Agricultural Col- 
lege, Manhattan, Kans. 

KINDAHL, HENRY SIGFRID, Electrical 
Draftsman, Thomas E. Murray, Inc., 55 
Duane St., New York; res., Brooklyn, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


*KING, GEORGE W., Electrical Engineering 
Dept., Commonwealth Power Corp., Jackson, 
Mich. 

*KINNEY, ERNEST ALLEN, Electrical Engi- 
neer, Spooner & Merrill, 425 Power Theater 
Bldg., Grand Rapids, Mich. 

KIRKWOOD, RALPH VAN SWEARINGEN, 
Electrical Engineer, Construction Service, 
Quartermaster Corps, U. 8. A., 2245 Muni- 
tions Bldg., Washington, D, C. 5 

KISSEL, FREDERICK TEMPLETON MAN- 
HEIM, Acting Chief Electrical Engineer , 
Public Works Dept., Wellington, New 
Zealand. 

*KOHLER, HARRY WILLIAM, Electrical 
Engineer, The Milwaukee Electric Railway 
& Light Co., Public Service Bldg., Milwaukee 
Wis. 

*KRESSLER, CHARLES HORNER, Cadet 
Engineer, Operating Dept., Penna. Power 
& Light Co., Allentown, Pa. 

*KUBIAK, HENRY JOSEPH, Designing Engi- 
neer, Westinghouse Elec. & Mfg. Co., 3180 
Salmon St., Philadelphia, Pa. 

*LAMB, JAMES J., Manager, 
Lamb Bros., Michigan, N. D. 

LANCASTER, ELON FLOYD, Fan Motor 
Dept., General Electric Co., 100 Woodlawn 
Ave., Pittsfield, Mass. 

*LANE, RALPH BELFORD, Student Engineer, 
General Electric Co., Schenectady, N. Y. 
*LANG, GERALD F., Student Engineer, Engg. 
Dept., Public Service Co. of Colorado, 

Boulder, Colo. 

LARSEN, THORSTEIN, Brooklyn Edison Co., 
Brooklyn, N. Y. 

LARTER, WILLIAM DAVID, Dist. Superin- 
tendent, Saskatchewan Gov't. Telephones, 
Lorne St., Regina, Sask., Can. ; 

LAWRENCE, FRANKLIN P., Plant Supt. 
Southwestern Bell Telephone Co., 357 
Boatmen’s Bank Bldg., St. Louis, Mo. 

*LAWTON, FREDERIC LEWIS, Electrical 
Engineer, General Engg. lLab., General 
Electric Co., Schenectady, N. Y. 

LEACH, THOMAS, Wire Chief, Saskatchewan 
Gov't. Telephones, Lorne & 12th, Regina, 
Sask., Can. 

*LEAR, WILLIAM HARRISON, Equipment & 
Transmission Tester, American Tel. & Tel. 
Co., 40 Rector St., New York, N. Y. 

LEARNED, EVERETT D., Power Sales Engi- 
neer, Worcester Electric Light Co., 11 Foster 
St., Worcester, Mass. 

*LEE, JOHN ADAM, Power Plant Foreman, 
United States Reclamation Service, Pavil- 
lion, Wyo. 

LEESON, JAMES HERBERT, Dist. Plant 
Chief, Dept. of Govt. Telephones, Regina, 
Sask., Can. 

*LEGGETT, JOHN ALEXANDER, Service 
Engineer, Westinghouse Elec. & Mfg. Co., 
12 Farnsworth St., Boston; res., Lowell, 
Mass. 

LERCH, RUSH T., 216 Burke St., Easton, Pa. 

*LIEBERMAN, HENRY, Transmission & 
Interference Inspector, Tri-State Tel. & 
Tel. Co., 369 Cedar St., St. Paul; for mail, 
Stillwater, Minn. 

*LINDLEY, JAMES RALPH, Sales Engineer, 
C.F. Pease Co., 813 N. Franklin, Chicago, Il. 

*LISTMANN, C. WERNER, Junior Electrical 
Engineer, Bureau of Power & Light, City of 
Los Angeles, 120 E. 4th St., Los Angeles; 
res., Glendale, Calif. 

*LONGLEY, FRANK ROGERS, Student En- 
gineer, General Electric Co., Schenectady, 
IN Xe 

LORIA, DAVID JERROLD, Electrical Designer, 
Public Service Production Co., 54 Park 
Place, Newark, N. J. 

*LOUGHERY, GEORGE BACON, Jr:, En- 
gineering Assistant, Bell Telephone Co. of 
Penna., 1230 Arch St., Philadelphia, Pa. 


*LOUKIANOFF, GREGORY M., Designing 


Engineer, General Electric Co., Pittsfield, 
Mass. 


Radio Dept., 


Journal A. I. E. E: 


LOVE, NELSON ROOSEVELT, Chief En- 
gineer for E. Stenger, 807 Tramway Bldg., 
Denver, Colo. 

*LUECKE, THEODORE EDWARD, Engg. 
Assistant to Manager, Monongahela West 
Penn Public Service Co., Union Trust Bldg., 
Parkersburg, W. Va. 

*LYMAN, WALTER JORDAN, Apprentice 
Engineer, Duquesne Light Co., 308 Philadel- 
phia Bldg., Pittsburgh, Pa. 

*LYNCH, CHARLES BYRNE, Engineer, Gen- 
eral Electric Co., Schenectady, N. Y. 
*MACDONALD, RALPH ALEXANDER, Tran- 
sitman, Salt River Valley Water Users 
Association, S. R. V. W. U. Ass’n. Bldg., 

Phoenix, Ariz. 

MacLEAN, KIRBY DONALD, Field Superin- 
tendent, Day & Zimmerman, Inc., 1600 
Walnut St., Philadelphia, Pa. 

MAIER, OTTO THEODORE, Asst. Commercial 
Engineer, New Orleans Public Service, Inc., 
201 Baronne St., New Orleans, La. 

MALECKAR, WILLIAM RICHARD, Salesman, 
Aluminum Co. of America, 528 McKnight 
Bldg., Minneapolis, Minn. 

*MALTBY, CLARENCE LAUREN, Requisition 
Engineer, Public Service Co. of No. Illinois, 
72 W. Adams St., Chicago; res., Evanston, 
Til. 

MANION, WILLIAM J., Plant 
Southwestern Bell Telephone Co., 
men’s Bank Bldg., St. Louis, Mo. 

*¥MANNING, JAMES B., Meter Man, Puget 
Sound Power & Light Co., 504 S. 2nd St., 
Kelso, Wash. 

MANSFIELD, CARROLL GOLDEN, En- 
gineering Assistant, High Voltage Bushing 
Engg. Dept., General Electric Co., Pittsfield, 
Mass. 

MARCELLUS, FREDRICK STEADWELL, 
Electrical Engineer, General Electric Co., 
Schenectady, N. Y. 

*MARCHESE, VINCENT JAMES, Neutralizer 
of Neutrodyne Radio Receivers, Freed- 
Eiseman Radio Corp., Manhattan Bridge 
Plaza, Brooklyn, N. Y. 

MARLOW, VERNON H., Instructor, National 
Electrical School, 4006 Figueroa St., Los 
Angeles, Calif. : 

MARSH, EDGAR 5S., Tester, Westinghouse 
Elec. & Mfg. Co., Sharon, Pa. 

*MARTHENS, ARTHUR S., Railway Equip- 
ment Engineer, Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa; for mail, 
New Rochelle, N. Y. 

MARZAN, MELECIO MINA, Agoo, La Union, 
Philippine Islands. 

*MASLIN, ALBERT J., Transformer Engineer, 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

*MASON, ALBERT F., Interference Engineer, 
Northwestern Bell Telephone Co., Telephone 
Bldg., Omaha; for mail, Fremont, Nebr. 

MASON, EARL CLIFTON, Electrical Drafts- 
man, Puget Sound Navy Yard, Bremerton; 
for mail, Seattle, Wash. 

*MATLIN, ISRAEL, Inspector, Safety Insulated 
Wire & Cable Co., Bayonne, N. J. 

*MATSUO, KENZO, Student, Worcester Poly- 
technic Institute, Worcester, Mass. 

*MAUST, CHARLES ISRAEL, Electrical 
Draftsman, United Gas Improvement Con- 
tracting Co., Broad & Arch Sts., Philadelphia, 
eae 

McAULEY, PATRICK HAROLD, Transmis- 
sion Engineer, P. I. & T. Engg. Dept., 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

*McCOY, ROBERT LESLIE, Asst. to Chief 
Engineer, Locke Insulator Corp., Maryland 
Trust Bldg. Baltimore, Md. 

*McCRACKEN, WILLIS FLOWERS, Student, 
The Pacific Tel. & Tel. Co., 1200 Third Ave., 
Seattle, Wash. 


*McCULLOUGH, ROBERT THOMAS, 
Electrical Engineer, Long Island Lighting 
Co., Bay Shore, N. Y. 


Engineer, 
Boat- 
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*McDONALD, JOHN WOOD, Engineer, Office & 
Field Duty, Commonwealth Power Corp., 
Jackson, Mich. 

McKAY, JOHN WILLIAM, Acting Foreman, 
Northern Electric Co., 131 Simcoe St., 
Toronto, Ont., Can. 

*McLEAN, GORDON E., Switchboard Dia- 
gram Engineer, Westinghouse Elec. & Mfg. 
Co., East Pittsburgh; res., Wilkinsburg, Pa. 

*MENZEL, ARTHUR FREDRICK, Test En- 
gineer, Freed-Eisemann Radio Corp., Sperry 
Bldg., Brooklyn, N. Y. 

*¥METZGER, WALTER EARNEST, Salesman, 
Westinghouse Elec. & Mfg. Co., Interurban 
Terminal Bldg., Columbus, Ohio. 

*MEYER, HAROLD FREDERICK, Assistant 
Engineer, Vacuum Oil Co., Bayonne; res., 
Woodcliff, N. J. 


“MIER, C. WALKER, Transmission Engineer, 


Southwestern Bell Telephone Co., 
Boatmen’s Bank Bldg., St. Louis, Mo. 

*MILBURN, JOHN BLAIR, Switchboard ‘‘B” 
Operator, Duquesne Light Co., Cheswick. 
Pa. 

*MILLER, HAROLD EDWARD, Junior Elec- 
trical Engineer, National Advisory Com- 
mission for Aeronautics, Langley Field; res., 
Hampton, Va. 

MILLER, JOSEPH I., Wireman, Switchboard 
Division, St. Paul Gas Light Co., St. Paul, 
Minn. 

*MINNIUM, BYRON BIDDLE, Engineer, 
Walbert Mfg. Co. 925 Wrightwood Ave., 
Chicago, Il. 

MISENER, EARLE CHELSEA, Student, Poly- 
technic College of Engineering, Madison & 
13th St., Oakland, Calif. 

MONTAGUE, ROY GIVENS, Switchboard 
Repair Man, The Pacific Tel. & Tel. Co., 
Santa Cruz, Calif. 

*MONTEITH, ALEXANDER CRAWFORD, 
General Engineer, Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

*MOOR, HARVARD EDGAR, Assistant En- 
gineer, Bangor Railway & Electric Co., 
84 Harlow St., Bangor, Me. 

MOORE, LESLIE STEPHENS, Ultimate Cost 
Comparison Engineer, Bell Telephone Co. of 
Canada, Montreal, Que., Can. 

MOORE, WILIAM CHARLES, District Super- 
intendent, Dept. of Govt. Telephones, 
Moose Jaw, Sask., Can. 

*MORENO, GERARDO, Electrical Draftsman, 
Pacific Gas & Electric Co., 567 Sutter St., 
San Francisco; res., Berkely, Calif. 

*MORGAN,GODFREY, Jr., Senior, Elec. Engg,. 
Cornell University; Asst., Mech. Lab., Sibley 
College, Ithaca, N. Y. 

MORSS, PHILP REIED, Factory Staff, Sim- 
plex Wire & Cable Co., Cambridge A, Mass. 

MOWRY, REGINALD IRVING, Testman, 
General Electric Co., Schenectady, N. Y. 

*MUCHA, THEODORE, D. C. Watthour 
Meter Demand Tester and Repairman, 
Duquesne Light Co., 725 North Ave., 
Wilkinsburg, Pa. 

*MUIR, ANDREW CHARLES, Testing Dept., 
General Electric Co., Schenectady, N. Y. 

*MULLEN, JOSEPH NORMAN, Super- 
intendent, Cap Magdalen Pulp & Lumber 
Co., Ltd., Riviere Madeleine, Gaspe Co., 
Que., Can. . 

*MURPHY, JAMES KEITHLEY, Asst. Main- 
tainer, Signal & Electrical Dept., Southern 
Railway System, Orange, Va. 

*NAEGELI, FREDERICK ALBERT, Drafts- 
man, Interborough Rapid Transit Co., 
600 W. 59th St., New York; res., Astoria, 
NERY A: 

*NASH, HAROLD R., Asst. Cable Trouble 
Engineer, Elec. Engg. Dept., Detroit Edison 
Co., 2000 2nd Ave., Detroit, Mich. 

*NATTRESS, DAVID IRVING, Meter Dept. 
Assistant, Hydro-Electric Power Comm. 
of Ontario; c/o Ontario Power Co., Niagara 
Falls, Ont., Can. 


1150 


INSTITUTE AND RELATED ACTIVITIES 


NELSON, FRED SPERRY, Telephone En- 
gineer, Atchison, Topeka & Santa Fe Ry. 
Topeka, Kans. 

*NEUMAN, LEONARD JOSEPH, Instructor, 
Bs Dept., University of Oregon, Eugene, 

re. 

*NORTON, EDWARD LAWRY, Telephone 
Engineer, Western Electric Co., Inc., 463 
West St., New York, N. Y. 

*NOTTINGHAM, FRANK OLIVER, Jr., Test- 
es Dept., General Electric Co., Schenectady, 

ob 

NOWELL, FREDERIC GEORGE, Student, 
New York Electrical School, New York, N. Y. 

*NYE, JOHN FREMONT, Engg. Dept., 
Westerly Light & Power Co., 2 Canal St., 
Westerly, R. I. 

*O'DAIR, EDWARD F., Electrical Engineer, 
Railway Engg. Dept., General Electric Co., 
120 Broadway, New York, N. Y. 

*OLDS, RICHARD NORTHCOTTE, Electrical 
Engineer, Commonwealth Power Co., Wild- 
wood, Ave., Jackson, Mich. 

*OLIN, HENRY A., Engineer, Elec. 
Phoenix Utility Co., Minn. Pr. 
Bldg., Duluth, Minn. 

*O'NEIL, HORACE THEODORE, Electrical 
Engineer, Western Electric Co., Inc., 463 
West St., New York, N. Y. 

*O'NEILL, OWEN, Asst. Engineer, Planning 
Div., T. &. D. Dept., United Electric Light 
& Power Co., 56 Cooper Sq., New York; 
res., Brooklyn, N. Y. 

PABST, WILLIAM, Teacher, Dept. of Applied 
Electricity, Brooklyn Technical High School, 
Flatbush Ave. Ext. & Concord St., Brooklyn; 
res., Richmond Hill, N.Y. | 

PANNABAKER, JOHN JOSEPH, Chief Opera- 
tor, Vanadium Corp. of America, Bridgeville; 
for mail, Pittsburgh, Pa. 

*PAPAZIAN, NERSES, Electrical Designer, 
Western Electric Co., Inc., 25 Spruce St., 
New York, N. Y. 

PARKER, SIDNEY R., Construction Foreman, 
S. Edw. Eaton & Co., 591 Hudson St., New 
York; res., Brooklyn, N. Y. 

*PARRACK, VASCO ROOSEVELT, Field 
Engineer, West Penn Power Co., Pittsburgh; 
res., Wilkinsburg, Pa. 

*PATISTEAS, MICHAEL JOHN N., Div. of 
Design & Drafting, Stone & Webster, Inc., 
147 Milk St., Boston, Mass. 

*PAXSON, HOUSTON RANDOLPH, Electrical 
Designer, Philadelphia Electric Co., 1000 
Chestnut St., Philadelphia, Pa. 

*PEARLMUTTER, HARRY JOCOB, Electrical 
Draftsman, French & Hubbard, 210 South 
St., Boston, Mass. 

PEIRSON, DAVID HARPER, Senior Operator, 
Substation, Philadelphia Electric Co., 106 N. 
11th St., Philadelphia, Pa. 

*PETTENGILL, JOHN BRADLEY, Tester, 
New York Edison Co., 92 Vandam St., New 
York; res., Brooklyn, N. Y. 

PEW, RICHARD K., Asst. Radio Laboratory 
Instructor & Student, Dodge's Institute of 
Technology, Valparaiso, Ind. 

*PHELPS, GEORGE OSBORN, Standardizing 
Laboratory, General Electric Co., West 
Lynn; res., Lynn, Mass. 

*POWELL, ALBERT PERRY, 530 Cambridge 
St., Allston, Boston, Mass. 

POWERS, LAWRENCE WAYNE, Operating 
Dept., United Electric Light & Power Co., 
E. 134th St. & Locust Ave., New York, N. Y 

PRETZ, JOHN C., Electrical Draftsman, 
Lehigh Portland Cement Co., Young Bldg., 
Allentown, Pa. 

PRICE, JOSEPH PRESSLY, Student, Stanford 
University, 340 Warwick St., Oakland, 
Calif. 

PRITCHETT, EDWARD CRAWFORD, En- 
gineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Wilkinsburg, Pa. 

*RABKE, RAYMOND FRAN KLIN, Laboratory 
Assistant, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh: res., Wilkinsburg, Pa. 


Dept., 
& Lt. Co. 
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*RAMSDEN, CLAYTON WAYNE, Asst. En- 
gineer, Safety Insulated Wire & Cable Co., 
First St., Bayonne, N. J. 

*RAYMOND, HUBERT NELSON, Central 
Station Sales, General Electric Co., 1016 
Continental Bank Bldg., Salt Lake City, 
Utah. 

REDPATH, ARLINGTON JOHN, Turbine 
Engineering Dept., General Electric Co., 
Erie, Pa. F 

*REED, RUSSELL OAKLEY, Relief Operator, 
Portland Electric Power Co., Portland; res., 
Estacada, Ore. 

REINHARDT, JOHN P., Electrical Contractor, 
27 Chestnut Ave., Rosebank, S. I., N. Y. 

RENNER, LESTER N., Engineering Inspector, 
Northern Ohio Traction & Light Co., 
Terminal Bldg., Akron, Ohio. 

*RETTENMEYER, F. X., Telephone Engineer, 
Western Electric Co., Inc., 463 West St., 
New York, N. Y. 

RHINE, FRED PREYER, Elec. Engg. Dept., 
Detroit Edison Co., 2000 2nd St., Detroit, 
Mich. 

*RICH, WILLIAM CRANE, Cost Investigator, 
Philadelphia Electric Co., 2301 Market St., 
Philadelphia, Pa. 

RIDER, LORENZO NELVIN, Manager, West- 
ern Electric Co., Inc., 6215 Carnegie Ave., 
Cleveland, Ohio. 

RILEY, CECIL F., Planning Engineer, Western 
Electric Co., Inc., 268 W. 36th St., New 
York; res., Tuckahoe, N. Y. 

RIVERA, MANUEL M., Student Employee, 
International General Electric Co., Schenec- 
tady, N. Y. 

ROBINSON, HENRY BURTON, Engineering 
Assistant, Brooklyn, Edison Co., Pearl & 
Willoughby Sts., Brooklyn, N. Y. 

RODNITE, JOHN JOSEPH, Valuation En- 
gineer, Murrie & Co., 52 Broadway, New 
York; res., Brooklyn, N. Y. 

*ROESCH, ROBERT EVANS, Engineer, In 
charge of Substation Construction, Phoenix 
Utility Co., Cienfuegos, Cuba. 

*ROGAL, EDWARD, Morgan’s Inc., 33 Sim- 
mons St., Roxbury; res., Brookline, Mass. 

*ROHRDANZ, EDWIN C., Richmond Safety 
Gate Co., 160 N. Wells St., Chicago; res., 
Blue Island, Il. 

RONNINGEN, ANDERS, Maintainance Lab- 
oratory, Western Electric Co:, Inc., Chicago; 
for mail, Cicero, Ill. 

ROSE, ELMER BARTON, Inspector, Northern 
Ohio Traction & Light Co., Line Dept., 
Akron, Ohio. 

*ROSENBERG, BENJAMIN, Engineer, The 
Pacific Tel. & Tel. Co., 835 Howard St., 
San Francisco, Calif. 

*ROSS, GEORGE OSCAR, Instructor Industrial 
Education, Perry High School, Perry, N. Y. 

*ROSS, MALCOLM VAUGHN, Asst. Electrical 
Engineer, Brown Corp., La Tuque, P. (aye 
Can. 

ROSSI, ALBERT F., Electrical Instructor, 
Jefferson Vocational School, 903 Washington 
St., St. Louis, Mo. 

*RUE, EDWARD CHARLES, Chief Trouble 
Dispatcher, The Edison Electric Illumina- 
ting Co. of Boston, 39 Boylston St., Boston, 
Mass. 

RUESS, CHARLES N., General Foreman, 
Electrical Repair Shop, Bureau of Power & 
Light, 211 East Power St., Los Angeles, 
Calif. 

RUFF, JOHN WITHERS, Industrial Power 
Engineer, Charleston Consolidated Rwy. & 
Ltg. Co., 141 Meeting St., Charleston, 8. C. 

*RUFSVOLD, ARNOLD SOFUS, General 
Engg. Dept., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Pittsburgh, Pa. 

RYDER, FRANK, Chief Electrician, Canadian 
Co-Operative Wheat Producers, Ltd., Fort 
William, Ont., Can. 

*SALNEU, GEORGE C., Electrical Engineer, 
Philadelphia Electric Co., 2301 Market St., 
Philadelphia, Pa. 
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SANBE, NICHOLAS CHARLES, 
Operator, Chester Station, Philadelphia 
Electric Co., 16 E. 5th St., Chester, Pa. 

*SCHAEFER, J. PHILIP, Assistant to Asst. 
Manager, Patent Dept., General Electric Co., 
Schenectady, N. Y. 

*SCHAEFFER, ELMER RAYMOND, Head, 
Research Dept., Johns-Manville, Inc., 292 
Madison Ave., New York, N. Y. 

SCHEI, ISAK, Engineer, Dwight P. Robinson & 
Co., 3708 Fifth Ave., Pittsburgh, Pa. 

*SCHMITZ, RICHARD OEKCIL, Designing 
Engineer, General Electric Co., Pittsfield, 
Mass. 

*SCHONBORN, ROBERT JOHN, Elec. Service 
Inspector, City of Los Angeles, Bureau of 
Power & Light, 120 E. Fourth St., Los 
Angeles; res., Pasadena, Calif. : 

*SCHOTTLER, GEORGE JESSE, Junior Patent 
Examiner, U. S. Patent Office, Washington, 
1D KO), 

*SCHUCH, LELAND STANFORD, Engineer, 


Westinghouse Elec. & Mfg. Co., 1909 
Blake St., Denver, Colo. 
SCHUMACHER, HENRY A., Test Dept., 


New York Edison Co., 92 Vandam St., 
New York, N. Y. 

SCHUMP, RICHARD RITTER, Street En- 
gineer, Commonwealth Edison Co., 72 W. 
Adams St., Chicago, Il. 

*SCOTT, JOHN ALEXANDER, Research 
Assistant, Massachusetts Institute of Tech- 
nology, Cambridge; res., Arlington, Mass. 

SCOTT, WILLIAM MOUNTS, Electrician, 
Construction Dept., New York Edison Co., 
Brooklyn, N.Y. 


*SEALEY, WILLIAM CURTIS, Engineer, 
Transformer Engg. Dept., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 


*SEE, WOON HOWH, Testing Dept., General 
Electric Co., Schenectady, N. Y. 

SEITZ, VALENTINE, Chief of Engg. Dept., 
Cleveland Clinic, Euclid Ave. & 93rd St., 
Cleveland, Ohio. 

*SELLECK, HAROLD GEORGE, Maintenance 
Engineer, The Connecticut Power Co., 
Middletown, Conn. 

SELQUIST, ROLF, Engineer, Copperweld Steel 
Co., 30 Church St., New York, N. Y. 

SESSIONS, ALMA PRESTON, Asst. Engineer, 
Substations, Southern California Edison Co. 
Edison Bldg., Los Angeles, Calif. 

SHARP, CLIFFORD S., 9 Seymour 
Jamestown, N.Y. 

*SHARP, HUBERT, Asst. Electrical Engineer, 
Mountain States Tel. & Tel. Co., Denver, 
Colo. 

SHAW, FRANK MARTIN, Electrician, 
White Plains Road, New York, N. Y. 

*SHEA, H. GREGORY, Salesman, Puget Sound 
Power & Light Co., Electric Bldg., Seattle, 
Wash. 

*SHERMAN, RUSSELL E., Electrician, Public 
Service Electric Co., 71-77 Murray St., 
Elizabeth, N. J. 

*SHERMER, FRANK CHARLES, Engineer, 
Electric Plant Dept., Philadelphia Suburban 
Gas & Electric Co., Wyncote; res., Philadel- 
phia, Pa. 

*SHEW, EDWARD BARRETT, Estimator, 
Philadelphia Electric Co., 1000 Chestnut 
St., Philadelphia, Pa.; res., Haddon Heights, 


Ave., 
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IN As 

*SHIELDS, STANLEY, Test Man, Canadian 
General Electric Co., 541 Gilmore St., 
Peterboro, Ont., Can. 

*SHOCKLEY, HENRY MAURICE, Junior 
Asst. Switchboard Engineer, Canadian 


General Electric Co., Peterboro, Ont., Can. 
SHOREY, GEORGE HEAYSMAN, Jr., Test 
Dept., General Electric Co., Schenectady, 
INERYS 
SINGLETON, BRENNAND, Contract En- 
gineer, Canadian General Electric Co., Ltd., 
212 King St., W., Toronto, Ont., Can. 


INSTITUTE AND RELATED ACTIVITIES 


Draftsman, State Dept. of Architecture, 
Albany, N. Y. 

SIPLEY, LOUIS WALTON, District Manager, 
Crescent Truck Co., 10 8. 18th St., Philadel- 
phia, Pa. 

SKAROLID, CHARLES THOMAS, Interference 
Engg. Dept., Northwestern Bell Telephone 
Co., 420 3rd Ave. S., Minneapolis, Minn. 

*SKLAR, LOUIS B., Electrical Draftsman, 
United Gas Improvement Contracting Co., 
13th & Cherry Sts., Philadelphia, Pa. 

SMITH, FRANK, Inspector, Elec. Engg. Dept., 
Brooklyn Edison Co., 360 Pearl St., Brook- 
lyn, N.Y. ‘ 

*SMITH, GUERDON WILLARD, District 
Superintendnet, Vulcan Power Co., Netcong, 
ING Je 

SMITH, HOWARD ELMER, Testing Dept., 
General Electric Co., Schenectady, N.Y. 

SMITH, SIDNEY BERTRAM, Research En- 
gineer, Marconi Wireless Telegraph Co., 
Marconi House, Strand, London; for mail, 
Chelmsford, Essex, England. 

SMITH, WALTER EDWARD, Production 


Department, Ward Leonard Electric Co., 
Mount Vernon, N. Y. 
*SNOW, WILLIAM BORING, Engineering 


Student, Stanford University, Stanford Uni- 
versity, Calif. 

*SPAFFORD, PERRY PARKER, Electrical 
Engineer, Texas Power & Light Co., Inter- 
urban Bldg., Dallas, Texas. 

*SPECTOR, MORRIS, Examiner, Division 26, 
U.S. Patent Office, Washington, D.C. 

*SPETHMANN, GLENN EDWIN, Acting 
Resident Enginser, Northwestern Bell Tele- 
phone Co., Sioux Falls, 8S. D. 

*STEBBINS, FREDERICK OSBORNE, Con- 
sulting Engg. Dept., General Electric Co., 
Schenectady, N. Y. 

STEINMETZ, ALFRED A., 
The Western Union Telgraph Co., 
Broadway, New York, N. Y. 

*STOLL, ALVIN, Student, School of Engineering 
of Milwaukee, Milwaukee, Wis. 

SUSSDORFF, ROBERT ROY, Test Engineer, 
Sperry Groscope Co., Sperry Bldg., Man- 
hattan Bridge Plaza, Brooklyn, N. Y. 

*SWEET, EVERETT LEPRILETE, Trans. & 
Distr. Dept., The Philadelphia Electric Co., 
2301 Market St., Philadelphia, Pa. 

SYKES, ERNEST AUGUSTUS, Operator 
(Hydro), Montreal Light, Heat & Power 
Cons., “Club House’’ Cedars, Que., Can. 

TANAKA, KIN-EMON, Electrical Engineer, 
Mitsubishi Electrical Engineering Co., Kobe, 
Japan. 

TAYLOR, DANIEL JAMES, Asst. to Electrical 
Engineer, 88 Broad St., Boston; 
West Somerville, Mass. 

TAYLOR, J. D., Division Transmission Engineer’ 
Northwestern Bell Telephone Co., 420 3rd 
Ave. So., Minneapolis, Minn. 


Draughtsman, 
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res., 


*TAYLOR, MERTON LINDON, Electrical 
Inspector, Brooklyn Edison Co., Brooklyn, 
IN NA. 

*TAYLOR, RICHARD Y., Engineers’ Training 
Course, Westinghouse Elec. & Mfg. Co., 
211 East End Ave., Pittsburgh, Pa. 

*TAYLOR, WILLIAM TREAT, _ Engineer, 


Traffic Dept., Southern California Telephone 
Co., 740 So. Olive St., Los Angeles, Calif. 
*TENNANT, GEORGE EARL, Cadet En- 
gineer, Syracuse Lighting Co., 431 Fulton St., 

Syracuse; res., Nedrow, N. Y. 

TEW, MARIAN MURIEL, Draftsman, Bureau 
of Power & Light, 207 S. Broadway, Los 
Angeles, Calif. 

THAYER, ©. J., Order Clerk & Correspondent, 
Westinghouse Elec. & Mfg. Go., Supply 
Sales Dept., East Pittsburgh; res., Edge- 
wood, Pa. 

*THOMAS, EARL ROGER, Asst. Engineer, 
United Electric Light & Power Co., 130 E. 
15th St., New York, N. Y.: res., Palisades 
Parke Nad. 


Journal A. I. E. E- 


Asst. *SINIAPKIN, NICHOLAS M., Mechanical *THOMPSON, GEORGE WASHINGTON, Col- 


lege of Electrical Engineering of Milwaukee, 
185 Biddle St., Milwaukee, Wis. 

*THOMPSON, JOHN HURLBURT, Student. 
Engineer, New England Tel. & Tel.Co., 
50 Oliver St., Boston; res., Brookline, Mass. 

TIERNEY, WILLIAM HENRY, Superintendent, 
Service Shop, General Electric Co., 1508, 
4th Ave., South, Seattle, Wash. ~— 

*TIMBERLAKE, PHIL SAMUEL, Testing 
Course, General Electric Co., Schenectady, 
IN 

TOMLINSON, HENRY RITTER, Elec. Engg. 
Dept., Fall River Electric Light Co., 85 N. 
Main St., Fall River, Mass. 

*TOPANELIAN, EDWARD, Jr., Research 
Assistant to Prof. H. B. Smith, Worcester 
Polytechnic Institute, Worcester, Mass. 

*TORRENS, THEODORE MABIN, Super- 
visor, New York Telephone Co., 104 Broad 
St., New York; res., Brooklyn, N. Y. 

TOWNSEND, GEORGE RICHARD, Asst. 
Engineer on Design, General Electric Co., 
1 River Road, Schenectady, N. Y. 

*TRANZEN, KARL, Operating Engineer (Sta- 
tionary), Marshall Field & Co., 121 N. 

State St., Chicago, Ill. 

*TROOP, CHARLES RAWLINS, Material & 
Supply Inspector, New York Central Rail- 
road, 466 Lexington Ave., New York, N. Y.; 
res., Jersey City, N. J. 

*TROSTER, MATHEW, Asst. to Test Engineer, 
Otis Elevator Co., 1 Woodworth Ave., 
Yonkers; res., Bronx, New York, N. Y. 

*TROW, LUTHER SMITH, Engineer, Worcester 
City Hospital, Worcester, Mass. 

*TSUI, JOHN H. H., Tester, Westinghouse 
Elec. & Mfg. Co., East Pittsburgh; res., 
Wilkinsburg, Pa. 

*TUNELL, ROBERT HENRY, Engineer in 
Systems Development, Western Electric Co., 
Inc., 463 West St., New York, N. Y. 

TURK, PAUL COLUMBUS, Oil Circuit Breaker 
Design Section, General Electric Co., 
Schenectady, N. Y. 

TURNER, JOHN WALTON, Local Manager, 
Regina Exchange, Dept. of Govt. Telephones, 
Regina, Sask. Can. 

TURNER, ROBERT HAWTHORN, Draftsman, 
Dwight P. Robinson & Co., 116 Dorrence 
St., Providence, R. I. 

TUTTLE, EDWARD LEROY, Methods En- 
gineer, Western Electric Co., Inc., 309 W. 
Washington St., Chicago, Ill. 

TYRRELL, RAYMOND FREDERICK, In- 
spector, Brooklyn Edison Co., 561 Grand Ave, 
Brooklyn, N. Y. 

*VALENTINE, HADDON P., Station Operator, 
Puget Sound Power & Light Co., Bothell; 
res., Seattle, Wash. 

*VAN PELT, EUGENE VAN BUREN, Super- 
visor of Foreign Wire Relations, Chesapeake 
& Potomac Telephone Co. of W. Va., 406 
Morrison Bldg., Charleston, W. Va. 

*VASCONDELOS, JOAQUIN MARQUEZ, 
Instrument Tester, The Milwaukee Electric 
Railway & Light Co., 3721 Hillside Lane, 
Milwaukee, Wis. 

*VILETT, EVERETT WALTER, Cadet En- 


gineer, Public Service Production OCo., 
80 Park Place, Newark, N. J. 
VORONOVSKY, THEODORE GREGORY, 


Draftsman, Construction Engg. Dept., Gen- 
eral Electric Co., Schenectady, N. Y. 

*VOUCH, STEPHEN J., Railway Equipment 
Engg. Dept., General Electric Co., 209 
Seward Place, Schenectady, N. Y. 

*WAGNER, BERZ STEPHEN, Transmission 
Engineer, The Cincinnati & Suburban Bell 
Telephone Co., 225 E. 9th St., Cincinati, 
Ohio; res., Covington Ky. 

*WALTHER, HENRY, Transmitter Develop- 
ment, Western Electric Co., Inc., 463 West 
St., New York, N. Y. 


WATTS, HALBERT ORREN, Foreman, Elec- 


trical Construction, The Sierras Power Co., 
Riverside, Calif. 


=?) see 


March 1925 


*WATTS, THOMAS RAYMOND, Engineer, 
Power Sales Dept., Union Gas & Electric Co., 
25 W. 4th St., Cincinnati, Ohio. 

*WEAR, ERNEST GEORGE, Asst. System 
Operator, Public Service Co. of Northern 
Illinois, 310 Van Buren St., Joliet, I. 

WEIR, ALEX, Engineering Draftsman, New 
York Central Railroad, 466 Lexington Ave., 
New York; for mail, Albany, N. Y. 

*WELLS, BEN F., Publicity Engineer, Westing- 
house Elec. & Mfg. Co., East Pittsburgh; 
res., Wilkinsburg, Pa. 

*WERLY, BERLYN McINTYRE, Asst. Elec- 
trical Engineer, Eastman Kodak Co., 
Kodak Park, Rochester, N. Y. 

*WEST, FREDERICK POWER, Electrical 
Engineer, United Electric Light & Power Co., 
130 E. 15th St., New York, N. Y. 

*WETTON, NORMAN HENRY, Electrician, 
Toronto Hydro-Electric System, Toronto, 
Ont., Can. 

WHITE, HAZEL MARGUERITE, Asst. En- 
gineer, Saskatchewan Gov't. Telephones, 
Regina, Sask., Can. 

*WILKINSON, HENRY BERNARD, Over- 
head Engineer, Adirondack Power & Light 
Corp., Schenectady, N. Y. 

*WILLIAMS, ARTHUR, Electrician, Lord 
Electric Co., 105 West 40th St., New York, 
INGE Ys 

WILLIAMS, JOHN OC., Electrical Engineer, 
Service Engg. Dept., Western Electric Co., 
Inc., 346 Claremont Ave., Jersey City, N. J. 

WILLIAMSON, THOMAS A., Central Station 
Switchboard Operator, Waukegan, 111. 


WOLFF, SAMUEL, Asst. Engineer, Roth 
Bros. & Co., 1400 W. Adams St., Chicago, 
FF Til. : 


*WOODLING, GEORGE VICTOR, Train Con- 
trol Supervisor, Pittsburgh & Lake Erie 
R R., 141 Insurance St, Beaver; for mail, 

« Pittsburgh, Pa. 

WRIGHT, SUMNER BISBEE, Telephone 
Engineer, Dept. of Development & Research, 
American Tel. & Tel. Co., 195 Broadway, 
New York, N. Y. 

*WYRTZEN, CURTIS C., Foreman, Claude 
Neon Lights, Inc., 318 E. 32nd St., New 
York, N. Y.; res., Bloomfield, N. J. 

YONEZAWA, MASAJIRO, Resident Repre- 
sentative in U. S. A; Asst. Engr., Elec. Dept., 
Japanese Gov't. Railways, 1 Madison Ave., 
New York, N. Y. 

*YOUNGLOVE, GEORGE WILSON, Lighting 
Research Laboratory, National Lamp Works, 
General Electric Co., Nela Park, Cleveland, 
Ohio. 

*ZIMMERSCHIED, CLARENCE R., Test 
Floor & Engg. Dept., Electric Machinery 
Mfg. Co., 1331 Tyler St., N. E., Minneapolis, 
Minn. 

Total 460 

*Formerly Enrolled Students 


ASSOCIATES REELECTED 
FEBRUARY 10, 1925 


CONVERSE, CLOVIS MILLER, Manager, 
Power Apparatus Dept., St. Paul Electric Co., 
145 E. 5th St., St. Paul, Minn. 


INNES, FRANK BR., Electrical Engineer, 
Sessions Engineering Co., 208 La Salle St., 
Chicago, Ill. 


KELLER, COSTANTINE CHARLES, Clergy- 
man, Temple, Texas. 

SANFORD, DUDLEY, Assistant Treasurer, 
Union Electric Light & Power Co., Webster 
Groves, Mo. : 


MEMBERS ELECTED 
FEBRUARY 10, 1925 
HEDRICK, EARLE RAYMOND, Professor of 
Mathematics, Southern Branch, University 
of California, Los Angeles, Calif. 

JONES, BRUCE LEE, Div. Superintendent of 
Construction, Alabama Power Co, Ledger 
Bldg., Birmingham, Ala. 


INSTITUTE AND RELATDE ACTIVITIES 


KELLER, MAX LEO, Electrical Engineer, 
2100 Lincoln Park West, Chicago, Ill. 

LYON, FRED D., General Superintendent, 
Cahokia Power Plant, St. Louis, Mo. 


TRANSFERRED TO GRADE OF FELLOW 
FEBRUARY 10, 1925 


MORROW, L. W. W., Associate Editor, Electricat 
World, New York, N. Y. 

ROBINSON, LLOYD N., Electrical Eagineer, 
Stone & Webster Inc., Seattle, Wash. 

PEEK, FRANK W., Jr., Consulting Engineer, 
General Electric Co., Pittsfield, Mass. 


TRANSFERRED TO GRADE OF MEMBER 
FEBRUARY 16, 1925 


BAUM, HARRY, Asst. Professor of Electrical 
Engineering, College of the City of New 
York, New York, N.Y. 

CHATFIELD, CLARENCE E., Sales Engineer, 
W. D. Hamer Co., Indianapolis, Ind. 

CLEMENT, MILLARD F., Manager, Orange 
County Public Service Co., Inc., Middletown, 
ING Ys 

ELLIOTT, HAROLD F., Consulting Engineer, 
Federal Telegraph Co. of Delaware, San 
Francisco, Calif. 

FREED, JOSEPH, D. R., President and Chie 


Engineer, Freed-Eisemann Radio Corp., 
New York, N.Y. 
MERTENS, B. de M., Assistant Electrical 


Superintendent, B. C. Electric Railway Co., 
Vancouver, B. C. Can. 


NIESSE. JOHN L., Tel. & Tel. Engineer, New. 


York Central Lines, New York, N. Y. 

OESTERREICH, EDMUND W., Superin- 
tendent, Underground Lines, Duquesne 
Light Co., Pittsburgh, Pa. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meetingf held 
January 12 and February 5, 1925, recommended 
the following members for transfer to the grade 
of membership indicated. Any objection to 
these transfers should be filed at once with the 

Secretary. 


To Grade of Member 

BAKER, GEORGE C., Assistant Engineer in 
charge of ‘Planning Division, Brooklyn 
Edison Co., Brooklyn, N. Y. 

ISAACSON, CHARLES B., Electrical Engineer, 
All American Cables, Inc., New York, N. GE 

LOFTUS, PETER F., Consulting Electrical 
Engineer, Timblin, Pa. 

MEIN, WILLIAN C., Vice-President ane Chief 
Engineer, Seivickley Electric Manufacturing 
Co., Sewickley, Pa. 

OWEN, HARRY, Superintendent, Electrical 
Department, Truxillo Railroad Co., Puerto 
Castilla, Honduras, C. A. : 


APPLICATIONS FOR ELECTION 
Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before March 31, 1925. 
Ahlstrom, W., Commonwealth 
Chicago, Ill. 
(Applicant for re-election.) 


Edison Co., 


Anderson, T., Rogers Pyatt Shellac Co., Jersey 
City, Ni. J- P 
Andress, J. M., 318 West 57th St., New York, 

INV Xe 
Andrews, J. K., General Electric Co., Pittsfield, 
Mass. 
(Applicant for re-election.) 
INTO), dl 1255 Memphis Power & Light Co., 
Memphis, Tenn. 
Austin, ©. F., Commonwealth Edison Co., 
Chicago, Ill. 


dol 


Baker, F. C., United Electric Light & Power Co., 
New York, N. Y. 

Baker, K. G., Century Electric Co., St. Louis, Mo. 

Baldwin, E. M., Baldwin-Stewart Electric Co., 
Hartford, Conn. 

Balfour, R., Western Electric Co., Inc., New York, 
IN 

Baring, 3. W., 
Chicago, Ill. 
(Applicant for re-election.) 

Bateman, G. R., Toronto Hydro-Electric System, 
Toronto, Ont., Can. 

Beach, A. B., Commonwealth Edison Co., 
Chicago, Ill. 

Beck, W., Montgomery Elevator Co., Moline, Ill. 

Beck, W. W., Michigan Bell Tel. Co., Detroit 
Mich. 

Belasco, P. D., The Ohio Bell Telephone Co., 
Cleveland, Ohio. 

Betzer, C. E., Commonwealth 
Chicago, Il. 

Bihler, G., Utah Power & Light Co., Bingham 
Canyon, Utah, 


Commonwealth Edison O©o., 


Edison Co., 


Bohner, ©. W., New York Edison Co., New 
Works Ne Yi 

Booth, R. B., Alabama Power Co., Birmingham, 
Ala. 

Bowman, P. F., Commonwealth Edison Co., 
Chicago, Il. 

Brockington, H. G., Schiefer Electric Co., 
Buffalo, N. Y. 

Brooks, J. A., Brooklyn Edison Co., Ince., 
Brooklyn, N.Y. 

Brown, G. E., General Electric Co., Boston, 
Mass. 

Brown, N. W., General Electric Co., Pittsfield, 
Mass. 


Brownlee, A. L., Commonwealth Edison Co., 
Chicago, Ill. 

Burnham, C. M., Jr., Commonwealth Edison Co., 
Chicago, Il. 

Cantilina, N., Paterson Vocation School, Paterson, 
INGO: : 

Capocefalo, J. A., Westinghouse Elec. & Mfg. Co., 
Bridgeport, Conn. 

Carlson, P., St. Paul Gas Light Co., St. Paul, 
Minn. 

Carlson, R.J., Public Service Corp., Newark, N. J. 

Carpenter, J. F., Northern States Power Co., 
Minneapolis, Minn. 

Castle, C. V., Delaware & Atlantic Tel. & Tel. 
Co., Camden, N. J. 

Cavagnaro, A. E., Union Gas & Electric Oo., 
Cincinnati, Ohio. 

Chapman, A. A.. Partner, Peer-Chapman Elec- 
trical Co., Yorkton, Sask., Can. 

Ohrisman, D. E., Commonwealth Edison Co., 
Chicago, Ill. 

Chulstrom, J., Western Union Tel. Co., New 
Worle Nie ye 

Clancy, E. L., Westinghouse Elec. & Mfg. Co., 
Bridgeport. Conn. 

Clarkson, OC. N., Pacific Gas & Electric Co., 
Modesto, Calif. 


Clement, A. W., University of Washington, 
Seattle, Wash. 
Colson, L. G., Commonwealth Edison Co., 


Chicago, Ill. 

Compton, K. R., 
Chicago, Ill. 

Connors, J. J., Interborough Rapid Transit Co., 
New York, N. Y. 

Conrad, A. B., Northern Ohio Traction & Light 
Co., Akron, Ohio. 

Cooper, R. L., Baldwin-Stewart Electric Co., 
Hartford, Conn. 

Creelamn, A., Eastern Steel Casting Co., Newark, 
ING J 
(Applicantfor re-election. ) 

Cronin, D. F., Cherry River Paper Co., Richwood, 
W.Va. 

@ryder, J. W.; Pittsburgh Transformer 
Philadelphia, Pa. 

Davis, U., Commonwealth Edison Co., Chicago, 
Jul, 

Dehls, F., All America Cables, Inc., New York, 
INT Eo 


Commonwealth Edison Co., 


Co., 
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Dobbs, H. C., Puget Sound Power & Light Co., 
Portland, Ore. 

Donaldson, R. J., Commonwealth Edison Co., 
Chicago, Ill. 

Doty, A. F., Westinghouse Elec. & Mfg. Co., 
Bridgeport, Conn. 

Doughty, G. F., Simplex Wire & Cable Co., 
New York, N.Y. 

Downing, L. H., Century Electric Co., Philadel- 


phia, Pa. 

Dunean, J. A., Brooklyn Edison Co., Brooklyn, 
IN nie 

Dunlevy, J. N., Commonwealth Edison OCo., 


Chicago, Ill. 

Elliott, R. K., Commonwealth Edison Co., 
Chicago, Tl. 7 

Emmons, H. A., Western Union Telegraph Co., 
New York, N. Y. 

Evans, H. R., Pratt Institute, Brooklyn, N. Y. 

Everitt, W. L., University of Michigan, Ann 
Arbor, Mich. 

Faley, W. F., Tri-State Tel. & Tel. Co., St. Paul, 
Minn. 
Dalkes Kerk, 

Chicago, Ill. 
Farmer, R. A., Northern States Power Co., 
Minneapolis, Minn. 
Farnell, W. C. F., Bell Telephone Laboratories, 
Inc., New York, N. Y. 
(Applicant for re-election.) 


Commonwealth Edison Co., 


Fetsch, J. 1T., Jr., General Electric Co., 
Schenectady, N. Y. 
HVtch edi. Cx, Co., 


Commonwealth Edison 
Chicago, Ill. ; 

Fix, F. W., Jr., Public Service Co. of No. Illinois, 
Chicago, Ill. : 

Flynn, T. F., Engineer, Albany, N. Y. 

Fox, E. C., (Member), Richardson-Wayland 
Electrical Corp., Roanoke, Va. 

Freile, O., McGraw-Hill Co., New York, N. Y. 

Gager, E. H., (Member), Commonwealth Edison 
Co., Chicago, Ill. 

Gailun, B., U. S. S. Arizona, c/o Postmaster, 
San Francisco, Calif. 

Giroux, C. H., (Member), U. S. Engineer Dept., 
Washington, D.C. 

Glick, J. E., University of Virginia, University, Va. 

Goldberg, H. J., Toronto Hydro-Electric System, 
Toronto, Ont., Can. 

Grimm, W. F., Commonwealth Edison Co., 
Chicago, Ill. 

Grindel, O. V., Commonwealth Edison Co., 
Chicago, Ill. 

Grondorf, H., Pacific Gas & Electric Co., San 
Francisco, Calif. 

Gropp, G.J., Electrical Inspector, 561 Grand Ave., 
Brooklyn, N. Y. 

Gustafson, O. A., General Electric Co:., Schenec- 


tady, N. Y. 

Hajos, E., Radio Corp of America, New York, 
INGEY= 

Hall, O. T., The Packard Electric Co., Warren, 
Ohio. 


(Applicantfor re-election.) 

Hall, R. E., General Electric Co., Schenectady, 
INT YS 

Hamilton, 
ING Jk 

Harlan, K. G., Electrical Engineer, Seattle, Wash. 

Harris, H. V., Bureau of Power & Light, Los 
Angeles, Calif. 

Hartenheim, M., The Electric Generator Corp., 
Pittsburgh, Pa. 

Hatch, A. R., Commonwealth 
Chicago, Ill. 

Hatzimihail, M. R., Pennsylvania Railroad Co., 
Long Island City, N. Y. 

Hau, L. J.. Commonwealth Edison Co., Chicago, 


G., Jr., Erie Railroad Co., Jersey City, 


Edison Co., 


ruil 

Hauck, ©. F., Commonwealth Edison Co. 
Chicago, I]. 

Hawkins, H. C., Northwestern Bell Tel. Co. 
Minneapolis, Minn. 

Hervey, W. K., Commonwealth Edison Co 
Chicago, Ill. 

Hieronymus, R. E., General Electric Co.,; 


Schenectady, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


Hilliard, M. C., So. California Edison Co.; 
Los Angeles, Calif. 

Hinckley, R. M., Dwight P. Robinson & Co., 
Inc., Pittsburgh, Pa. 

Hodnette, J. K., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Hoffhaus, H. B., Des Moines Electric Co., 
Des Moines, Iowa. 

Hoffman, L. B., 28 Gates Ave., Montclair, N. J. 
Holley, B. D., Commonwealth Edison Co., 
Chicago, Ill. 
Honychurch, A. W., 
Brooklyn, N. Y. 
Horgan, F. J., 239 Broadway, Newport, R. I. 
Howell, M. T., Municipal Power & Light Dept., 

Los Angeles, Calif. 


Brooklyn Edison Co., 


Howes, E. T., 337 N. Mathers St., Los Angeles, 
Calif. 

Hoynck, L. A., Bemis Bros. Bag Co., St. Louis, 
Mo. 


Hunt, W. T., Northern Electric Co., Ltd., 
Regina, Sask., Can. ; 

Inouye G., Hayakawa Denryoku K. K., Tokio, 
Japan; c/o Mitsui & Co., New York, N. Y. 

Iwafuchi, Y., Toho Electric Power Co., Tokio, 
Japan; c/o Mitsui & Co., New York, N. Y. 

Jaques, C. A., Commonwealth Edison Co., 
Chicago, Ill. 

Jasper, C., Commonwealth Edison Co., Chicago, 
Ill. 

Johnson, F. B., Commonwealth 
Chicago, Ill. 
(Applicant for re-election.) 

Johnson, F. D., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Johnson, H. J., Commonwealth Edison Co., 


Edison Co., 


Chicago, Hl. 

Johnston, F. E., Radio Corp of America, River- 
head,N.Y. 

Jones, A. O., Commonwealth Edison Co., Chicago, 
Tl 

Kaim, A. V., Commonwealth Edison Co., Chicago, 
Tl. 


Kane, E. D., Detroit Edison Co., Detroit, Mich. 
Kapple, F. R., Northwestern Bell Telephone Co., 
Minneapolis, Minn. 

Kates, W.,., Day & Zimmerman, Inc., Philadel- 
phia, Pa. 
Kicene wa. Crs Lie 

Chicago, Ill. z 

Kellerman, W. C., Commonwealth Edison Co., 
Chicago, Ill. 

Kelly, C. B., Commonwealth Edison Co., Chicago, 


Commonwealth Edison Co., 


atl, 

Kennedy, A., Trans. Radio Operator, Radio 
WHN, Loews State Theatre, New York, 
INNS. 

Kennedy, R. B., Commonwealth Edison Co., 


Chicago, Il. 

Kenyon, H. H., General Electric Co., Pittsfield, 
Mass. 

Kille, L. A., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

King, R. P., Stromberg-Carlson 
Rochester, N. Y. 

Kirkland, J. S., Commonwealth 
Chicago, Ill. 

Kjellgren, E., General Electric Co., Pittsfield, 
Mass. 

Kleene, W. F., Commonwealth Edison Co., 
Chicago, Ill. . 
(Applicant for re-election.) 

Kuder, B., Consolidated Gas Elec. Lt., & Pr. Co., 
Baltimore, Md. 

Kunkel, W. R., Commonweatlh 
Chicago, Ill. 

Kyist, A. E. K., General Electric Co., Pittsfield, 
Mass. 

La Moree, C. D., Clapp & La Moree, Los Angeles, 
Calif. 
(Applicant for re-election.) 

Krause, C. E., Okla. A. & M. College, Stillwater, 
Okla. 

Latham, I. J., 
Chicago, Ill. 

Lawrence, J. D., Jr., Ky. & W. Va. Power Co., 
Sprigg, W. Va. 


Tels Oo, 


Edison Co., 


Edison 


Co., 


Commonwealth Edison Co., 


Jcurnal A. I. E. E. 


Leavitt, R. B., Claude Neon Lights, New York, 
ING 

Lehman, L. G., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. — 

Lewis, E. H., Edison Elec. Ill. Co. of Boston, 
Boston, Mass. 

Loftis, L. C., Electrical contractor, Brevard, N. C. 

Lyon, E. D., Commonwealth Edison Co., Chicago, 
Til. 

Macha, A., Electric Controller & Mfg. Co., 
Cleveland, Ohio. 

Mackoff, P. M., Electrical Testing Laboratories, 
New York, N. Y. 

Marley, G. W., Commonwealth Edison Co., 
Chicago, Ill. 
(Applicant for re-election.) 

Martin, P. S., New England Power Co., 
Worcester, Mass. 

McBroom, H. R., 
Toronto, Ont., Can. 

McCabe, J. V., (Member), U. S. Navy Supply 
Depot, Brooklyn, N. Y. 

McCallum, V. E., Commonwealth Edison Co., 
Chicago, Il. 

McNary, J. C., Asst., U. S. Radio Inspector, 
Dept. of Commerce, Detroit, Mich. 

Meister, J. B., Commonwealth Edison Co., 
Chicago, Il. 

Melcher, H. R., University of Wisconsin, Madison, 
Wis. 

Merritt, M. S., Alabama Power Co., Birmingham, 
Ala. 

Meyer, W. P., Salesman & Installation, Radio 
Sets, Murdock, Neb. 

Mills, L. S.,71 E. Elm St., Chicago, Il. 

Moffatt, P. K., Memphis Power & Light Co., 
Memphis, Tenn. 

Montgomery, T. B., Westinghouse Elec. & Mfg. 
Co., Chicago, Ill. 

Mooney, R. H., Commonwealth Power Corp., 
Jackson, Mich. 


Hydro-Electric System, 


Moore, W. G., Commonwealth Edison OCo., 
Chicago, Ill. 

Morill, W. J., General Electric Co., Fort Wayne, 
Ind. 

Mueller, F. G., Commonwealth Edison Co., 


Chicago, Ill. 

Myhre, C. B., Westinghouse Elec. & Mfg. Co., 
Edgewood, Pa. 

Myles, J. A., Commonwealth Edison Co., Chicago, 


Til. 

Neal, C. T., Patent Lawyer, C. D. Tuska, Spring- 
field, Mass. 

Norden, M., (Fellow), Norden Co., Inc., New 
Wiork Na Ys. 


Noren, H. E., Public Service Co. of No. Illinois, 
Evanston, Ill. 

Norton, H. M., General Electric Co., Pittsfield, 
Mass. 

O'Donoghue, A. S., The Cleveland Union Ter- 
minals Co., Cleveland, Ohio. 

Parr, J. F., Stevens & Wood, Platte City, Mo. 

Pates, A. J., Chesapeake & Potomac Tel. Co., 
Washington, D.C. 

Peirce, C. L., Jr.. (Member), Hubbard & Co, 
Pittsburgh, Pa. 

Perry, L. P., Central Hudson Gas & Electric Co., 
Poughkeepsie, N. Y. 
(Applicant for re-election.) 

Pfau, A., Jr., American Resistor Co., Milwaukee, 
Wis. 

Pickells, C. W., Jr., N. Y. & Queens Elec. Lt. & 
Pr. Co., Flushing, N. Y. 

Planas, E. J., New York Electrical 
New York, N. Y. 

Platis, C. 8., 64 W. 3rd St., Salt Lake City, 
Utah. 

Podlsky, B., Bureau of Pr. & Lt., City of Los 
Angeles, Los Angeles, Calif. 

Poss, J., Jr., Brooklyn Edison Co., Brooklyn, 
INRA 

Prusman, C. A., Commonwealth Edison Co., 
Chicago, Ill. 

Rafuse, I. S., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Rahr, F. A., Jr., Hoberg Paper & Fibre Co., 
Green Bay, Wis. 


School, 


Mareh 1925 


Ratcliffe, H. H., Jr., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


Reid, W. J. W., Otis Fensom Elevator Co.;, 


Hamilton, Ont., Can. 


Rhoades, M., ist Lieut. Cavalry, U. S. A., 


Fort Bliss, Texas. 


Rinehart, J. R., Commonwealth Edison Co., 


Chicago, Il. 


Ringdahl, H.O., F. A. D. Andrea, Inc., New York, 


INDY. 


Romig, F. W., Brooklyn Edison Co., Brooklyn, 


INTs NR 


~Ross, R. V., Westinghouse Elec. & Mfg. Co., 


Wilkinsburg, Pa. 


Rosset, M. J., Brooklyn Edison Co., Brooklyn, 


IN 


Rothen, E. M., Russell & Stoll Co., New York, 


Ras ns st Commonwealth Edison Co., Chicago, 
Ryan E. A., Commonwealth Edison Co., Chicago, 
Salle, W. H., Commonwealth Edison Co., Chicago, 
eeidne J. J., Commonwealth Edison Co., 


Chicago, Ill. 
Sanderson, G. L., City Building Dept., Akron, 
Ohio. 


Schlasman, W. H., American Tel. & Tel. Co., 


New York, N. Y. 


Schrank, W. H., Brooklyn Edison Co., Brooklyn, 


ING Y: 

Schultz, E. B. E., Power Houre No. 1, Big Creek, 
Calif. 

Schwab, C. B., Erner Electric Co., Cleveland, 
Ohio. 


Schwartz, L., Elec. & Mech. Contractor, Bronx, 


New York, N. Y. 


Scott, D., J. G. White Engg. Corp., New York, 


INTE NE: 


Seibert, R. H., Ohio Bell Tel. Co., Cleveland, 


Ohio. 


Shea, E. C., The Interstate Utilities Co., Spokane, 


Wash. 


Sheehan, T., E. J. Murphy Co., Springfield, Mass. 
Sherwood, B. C., Commonwealth Edison Co., 


Chicago, Ill. 


Silvers, R. C., American Tel. & Tel. Co., New 


Vork, N.Y. 
Simmons, F. C., 
Association, Atlanta, Ga. 
Simpson, H. W. Bell Telephone Co. of Canada, 
Toronto, Ont., Can. 
Singh, S., Duquesne Light Co., Pittsburgh, Pa. 
Smith, H. E., Commonwealth Edison Co., 
Chicago, Il. 
Smith, K. M., 
Chicago, Ill. 


Commonwealth Edison Co., 


Smith, T. L., 79 S. Main St., South Norwalk, 


Conn. 

Sorab, R., 354 10th Street, Brooklyn, N. Y. 

Sposhrer, H. F., McClellan & Junkersfeld, 
Cahokia Power Plant, Cahokia, Ill, for 
mail, St., Louis, Mo. 

Stearns, K. R., Worcester Polytechnic Institute, 
Worcester, Mass. 

Steele, T., Yorkton Municipal Power Plant, 
Yorkton, Sask., Can. 

Stelzer, J. G., Commonwealth Edison 
Chicago, Hl. 

Stocking, S. I. 
Chicago, Ll. 

Stohlquist, G. A., Northern Ohio Traction & 


Light Co., Akron, Ohio. 

Tracy, OC. R., The Penna-Ohio Power & Light Co., 
Youngstown, Ohio. 

Van de Water, J. W.. Western Electric Co., 


New York, N. Y. 

Van Lear, G. M., United Electric Lt. & Pr. Co., 
New York, N. Y. 

Wagner, C. P., Northern States Power Co., 
Minneapolis, Minn. 

Wahlquist, H. W., Northern States Power (Ofayrn 
Minneapolis, Minn. 

Walshe, J. M., Fort Qu’ Appelle, Saskatchewan, 
Can. 


Co,. 


Commonwealth Edison Co., 


Southeastern Underwriters 


INSTITUTE AND RELATED ACTIVITIES 


Warner, J. H., Commonwealth Edison Co., 
Chicago, Ill. 

Warren, R. D., All America Cables, New York, 
NY 

White, E. S., California Telephone Co., Los 
Angeles, Calif. 

Williams, R. D., Michigan Bell Telephone Co., 
Detroit, Mich. 

Winans, J. D., Public Service Production Co., 
Newark, N.J. 

Woodbury, P. D., Westinghouse Electric & Mfg. 
Co., New York, N. Y. 


Woodmancy, W. T., Crecelius & Phillips, 
Cleveland, Ohio. 

Wyatt, E. A., Commonwealth Edison Co., 
Chicago, Ill. 

Wylie, W. L., Commonwealth Edison Co., 


Chicago Ill. 


Zinder, H., Commonwealth Edison Co., Chicago, 
Ill. 
(Total 233) 
Foreign 
Alijan, H., G. I. P. Railway, Parel, Bombay, 
India. 


Bapooji, E. J., The Shahabad Cement Co. Ltd., 
Shahabad, India. 

Das, A. C., The Rajkot State Electric Supply 
Co., Rajkot, Kathiawar, India. 

Davenport, A. E., Public Works Dept., Hamilton, 
N.Z. 

Kamensky, M. D., (Fellow), Direction of United 
Goy. El. Stations, Leningrad, Russia. 

Hart, W. C., Electrical Contractor, ‘“‘The Shrub- 
bery,’’ Collymore Rock, St. Michael, Bar- 
badoes, B. W.1I. 

Knight, R., Dannevirke Electric Power Board, 
Dannevirke, N. Z. 

Mehta, S. M., The Invicta Electrical Equipment 
Co., Fort Bombay, India. 

Mooney, V.S., Electric Power Board, Dannevirke, 
ING Ze 

Moore, J. W., (Member), Tela Railroad Co., 
Tela, Rep. Honduras, C. A. 

Pallonii. D., Marine Elec. Engg. Works, Bombay, 
India. 

Seaviour, C. H., The Marconi International 
Marine Communication Co., London, W. C., 
2, Eng; for mail, Portuguese, E. Africa. 

Storrar, J. H., Rees Roturbo Mfg. Co., Wolfer- 
hampton, Eng. 

Witty, G. F., Electric Power Board, Wellington, 
N.Z 

Yun; G. C., Yu-Foong Cotton Mill, Chengchow, 
Honan, China. 


Total 15 


STUDENTS ENROLLED 
FEBRUARY 6, 1925 


Adkins, Preston L., Oregon Agricultural College 

Aldrich, Stephen P., Colorado State Agricultural 
College 

Amburgh, Sydney M., University of Colorado 

Armstrong, Cole A., Colorado State Agricultural 
College 

Arnold, Albert, Rhode Island State College 

Austin, Kirby B., Oregon Agricultural College 

Baier, Jacob J., Lafayette College 

Bailey, Floyd J., Bucknell University 

Barker, Dale, University of Wyoming 

Barlow, Paul L., Clarkson College of Technology 

Bennett, Stanton A., University of Michigan 

Benson, Harold E., University of Colorado 

Blevins, Edward, Texas A. & M. College 

Blum Herman, Brooklyn Polytechnic Institute 


Blunt, Allyn W., California Institute of 
Technology 

Bodine, Frank E., Colorado State Agricultural 
College 


Botten, Alfred R., University of North Dakota 
Brainard, Maurice, Rensselaer Polytechnic 
Institute 
Browne, William H., Bucknell University 
Buchanan, Graham C., Texas A. & M. College 
Buck, Thomas A., Virginia Polytechnic Institute 
Burgwin, Stephen L., University of Michigan 
Burrell, Randolph W.., Rensselaer Polytechnic 
Institute 
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Campbell, Hewitt, University of Missouri 
Catlett, William A., Virginia Polytechnic Institute 
Chu, James C., Clarkson College of Technology 
Clark, Kenneth B., University of Kansas 
Combs, Zenas P., Colorado State Agricultural 
College 
Compton, Kenneth 
Washington 
Conkel, Lloyd J., Michigan Agricultural College 
Cooke, James W., Virginia Polytechnic Institute 
Cox, Vernon L., University of North Dakota 
Crawford, Gavin M., Kansas State Agricultural 
College 
Culbreth, Harry 
Institute 
Cumming, Marlin L., State College of Washington 
Dake, Cecil B., Clarkson College of Technology 
Dana, Laurence E., Chicago Technical College 


G., State College of 


W., Virginia Polytechnic 


Dance, William F., Jr., Virginia Polytechnic 
Institute 

DeMaio, Nicholas, Clarkson College of 
Technology 


Dewey, Leland K., Michigan Agricultural College 
Edwards, William G., Jr., University of Colorado 
Evans, Hayward W., Virginia Polytechnic 
Institute 
Eyjen, R. W., University of British Columbia 
Faner, Carl G., Pennsylvania State College 
Fogle, Howard D., Oregon Agricultural College 
Foster, Calvin E., University of Missouri. 
Fox, Robert S., Drexel Institute 
Gard, John D., Alabama Polytechnic Institute 
Gluckman, Manuel, Rhode Island State College 
Goff, Othel G., Oregon Agricultural College 
Granger, Wayne E., California Institute of 
Technology 
Grant, Vernon H., University of Washington 
Graves, Francis C., Virginia Polytechnic Institute 
Greenberg, Roy, University of Wyoming 
Gutshall, Randloph W., University of Colorado 
Harkins, Stanley F., Pennsylvania State College 
Harrison, William N., Clarkson College of 
Technology 
Hawkins, James B., Virginia Polytechnic Institute 
Hein, Ralph W., State College of Washington 
Heiser, Edwin S., Bucknell University 
Henkle, Claire V., Oregon Agricultural College 
Hennessey, William, Clarkson College of 
Technology 
Hoddy, George W., Ohio State University 
Hogan, James E., Pennsylvania State College 
Holub, Edward, University of Wisconsin 


Hopkins, J. Wallace, Carnegie Institute of 
Technology 

Hopkins, William A., Jr., Virginia Military 
Institute 

Johns, William T., Jr., Virginia Polytechnic 
Institute 

Jones, Vivan B., O’Neil, State College of 
Washington 

Keck, Theodore A., Jr., Virginia Polytechnic 
Institute 3 


Kellar, Kendall H., Virginia Polytechnic Institute 
Kirwen, Maurice S., Ohio State University 
Knox, Alvin C., University of Southern California 
Knudstrup, Aksel J. C.; Michigan Agricultural 
College 
Lacy, Joel W., Jr., Virginia Polytechnic Institute 
Lamoreau, Paul D., University of Maine 
Little, Elliott M., University of Toronto 
McCormick, Charles E., Colorado State Agricul- 
tural College 


McDonald, Malcolm,~ University of British 
Columbia 

MeMullan, James J., Brooklyn Polytechnic 
Institute 

Melroy, Paul P., Pennsylvania State College 

Melton, Edward M., Virginia Polytechnic 
Institute 

Mohler, Francis, Virginia Polytechnic Institute 

Moody, Douglass N., = Virginia Polytechnic 
Institute 


Moran, Joseph H., Virginia Polytechnic Institute 
Murphy, John J., Virginia Polytechnic Institute 


Murton, Chandler R., of 
Technology 


Clarkson College 
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Nagamine, Kimikata, Mass. Institute of 
Technology 

Nagley, Dorcy D., State College of Washington 

Osborne, A. Francis, Virginia Polytechnic 
Institute 

Park, Chauncey M., Michigan Agricultural 
College : 

Perkins, Chester W., Case School of Applied 
Science 


Phillips, George C., Virginia Polytechnic Institute 
Picatti, George G., State College of Washington 
Pla, Isidoro L., Drexel Institute 

Ploof, Julius L., Clarkson College of Technology 
Pond. Lee C. D., Virginia Polytechnic Institute 
Porter, Frank H., Clarkson College of Technology 
Pote, Alfred J., Mass. Institute of Technology 
Pound, John C., Oregon Agricultural College 
Pritchard, Samuel R., Jr., Virginia Polytechnic 

Institute 

Pyles, William T., Virginia Polytechnic Institute 
Reinhard, William N., University of Detroit 
Rice, George A., University of Wyoming 


Ridings, Garvice H., Virginia Polytechnic 
Institute 

Ridley, Frank E., University of Southern 
California 

Risher, John C., Jr., Colorado State Agricultural 
College 


OFFICERS OF Aw I: E. E. 


President 
FARLEY OsGooD 


Junior Past Presidents 
Harris J. RYAN 


Vice-Presidents 
J. E. MACDONALD 
HERBERT S. SANDS 
S. E. M. HENDERSON 
H. E. BussEy 
WILLIAM F. JAMES 


Managers 

R. B. WILLIAMSON 
A. G. PIERCE 
HARLAN A. PRATT 
WILLIAM M. McCoONAHEY 
W. K. VANDERPOEL 
H. P, CHARLESWORTH 

Treasurer 
GrorGE A. HAMILTON 


Honorary Secretary 
RALPH W. POPE 


LOCAL HONORARY SECRETARIES 


TL. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina 
Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil 
Charles le Maistre, 28 Victoria St., London, S. W., 1, England 


A. S. Garfield, 45 Bd. Beausejour, Paris 16 E, France 
H. P. Gibbs, Tata Sons, Ltd., Navsari Building, Fort 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies. 

Ground Rods.—Revised engineering data and tests, Geppss 
on “Copperweld’”’ ground rods. Copperweld Steel Company, 
Rankin, Pa. 

Megohmers.—Bulletin 135, 8 pp. Deseribes Standeo ‘2 in 
1” megohmers for measuring insulation resistance. Herman 
H. Sticht & Company, 15 Park Row, New York. 

Ball Bearing Motors.—Bulletins H-280, 16 pp., and H-287, 
32 pp. Describe Fairbanks-Morse ball bearing motors. 
Fairbanks, Morse & Co., Indianapolis, Ind. 

Oil-Electric Locomotive.—Bulletin 44103.1, 8 pp. De- 
seribes the sixty-ton, oil-electric locomotive developed by the 
General Electric, American Locomotive and Ingersoll-Rand 
companies. General Electric Company, Schenectady, N. Y. 

Portable Electric Tools.—Catalog 8,32 pp. Describes Black 
& Decker portable electric tools and shop equipment, including 
drills, grinders, tappers, screw drivers, ete., and bench equipment. 
The Black & Decker Mfg. Company, Towson, Maryland. 

Vreeland Oscillator.—Bulletin 984, 8 pp. Describes the 
Vreeland oscillator and other devices for producing high fre- 
quency alternating currents necessary to measure inductance, 
capacity and resistance. Leeds & Northrup Company, 4901 
Stenton Avenue, Philadelphia, Pa. 

Weldless Steel Poles.—Bulletin 12, 4 pp. Describes 
Mannesmann one-piece, seamless, tubular steel poles for trolley, 
telephone, telegraph or transmission lines. Greater strength 
with less weight than welded poles, among other advantages, 
are claimed for this product. Viele, Blackwell & Buck, U. S. 
Representatives, 49 Wall Street, New York. 

Relays.—Bulletin 47640.2, 16 pp., devoted to induction, 
time, over-current relays, types LA-201, IA-202, TA-205 and 
[A-206. Details of construction, lists of available ratings and 
principles of operation are covered, together with other general 
information. General Electric Company, Schenectady, N. Y. 

Switch Houses.—Bulletin 458, 2 pp. Describes a new line 
of Condit switch houses for indoor and outdoor service. These 
houses are used to provide protection for switching equipment 
where the power required is too small to justify the erection 
of a more expensive substation. Condit Electrical Manufactur- 
ing Co., South Boston, Mass. 

Transformers.—Bulletins 2039 and 2040, each 4. pp. De- 
seribe Pittsburgh polyphase power transformers, including five- 
legged design. The bulletins contain illustrations of the desiga 
of various sizes of such transformers, and compare their per- 
formances with three single-phase transformers. Bulletin 2038, 
4 pp., describes the new Pittsburgh self-cooled radiator type 
transformer. Pittsburgh Transformer Co., Columbus & Preble 
Aves., Pittsburgh, Pa. 

Insulation Testing Equipment.—Catalog 1075, 52 pp. 
Describes Megger and Bridge Megger testing sets for testing 
electrical insulation and all types of electrical apparatus.  Ilus- 
trated with charts, diagrams and photographs and contains a 
chapter on “Insulation and the Measurement of its Resistance,” 
which goes into the causes of breakdown, effects of temperature, 
surface leaks, ete. James G. Biddle, 1211 Arch Street, Phila- 
delphia, Pa. 

Burrows Permeameter-Epstein Core Loss Apparatus.— 
Bulletin 533, 8 pp. Describes Burrows permeameter designed 
for testing bar samples, which is considered the most accurate 
known arrangement for obtaining normal induction, residual 
induction and coercive force data on straight samples of maxi- 
mum permeability not exceeding 10,000. The Epstein core loss 
apparatus, also described in the bulletin, is designed for measuring 
core losses in accordance with A. S. T. M. testing specifications. 
Leeds & Northrup Company, 4901 Stenton Avenue, Philadel- 
phia, Pa. 
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Oil Switches and Circuit Breakers.—Bulletin 423-3, 4 pp. 


Describes the type ‘“Y’’ line of Condit oil switches and circuit 


breakers, manual and electrical remote control, automatic or 
non-automatic. Bulletin 456-2, 4 pp., describes electrically 
operated mechanism for the automatic closing and reclosing of 
oil switches and circuit breakers, (indoor or outdoor) by direct or 
alternating current. Condit Electrical Manufacturing Co., 
South Boston, Mass. 

Centrifugal Pumps for Handling Oil.—Bulletin 126, 28 
pp. Comprises the result of an investigation of the performance 
of centrifugal pumps when pumping oils, made for the Goulds 
Manufacturing Co., by Robert L. Daugherty, Professor of Me- 
chanical and Hydraulic Engineering, California Institute of 
Technology. The various charts show the performance of centri- 
fugal pumps when handling oils varying widely in viscosity, as 
compared with the performance when pumping water, and will 
be of assistance in determining the performance of centrifugal 
pumps when handling viscous liquids of any kind. The Goulds 
Manufacturing Co., Seneca Falls, N. Y. ‘ 

NOTES OF THE INDUSTRY 

Dust Seals for Hanger Boxes.—The Fafnir Bearing Com- 
pany, New Britain, Conn., has placed on the market a new extra 
dust seal furnished with its hanger boxes and pillow blocks, and 
for use under conditions where there is an unusually large 
amount of dust, such as exists in coment mills, grinding rooms, 
mines, ete. 

The American Resistor Company, Milwaukee, Wis., 
manufacturer of ‘“Globar’’ a non-metallic electric heating ele- 
ment, has opened branch offices at 46 Dey Street, New York; 
917 Packard Bldg., Philadelphia; 802 Title Insurance Bldg., Los 
Angeles. The British Resistor Company, Aintree, Liverpool, 
England, and Kummler & Matter, Aarau, Switzerland, have 
been appointed representatives. 

Thin Lead Colored Pencil.—To m2et the growing demand 
among draftsmen, engineers, editors, artists, ete., for a colored 
pencil with the same diameter lead as an ordinary drawing pen- 
cil, a new line of “Unique” pencils with thin leads, has been 
developed by the American Lead Pencil Company. The new 
product, made in red, blue, green and yellow, is said to possess 
many advantages over the soft and flaky leads found in ordinary 
thick colored pencils. Samples will be forwarded upon request 
to the American Lead Pencil Company, 204 Fifth Avenue, 
New York. 

The Sangamo Electric Company, Springfield, Il., has 
developed a maximum-demand attachment for use on its hori- 
zontal polyphase watthour meters. As this meter gives power- 
factor indications on balanced circuits in addition to energy 
measurements, the use of a maximum-demand attachment per- 
mits energy, kilowatt-demand and power-factor readings to be 
taken on the same meter. This demand attachment as well as 
the maximum-demand attachments for Sangamo single-phase 
and vertical polyphase watthour meters can now be supplied 
with a contact device which will ring a bell, or give some other 
suitable signal, when the demand during any time interval 
reaches a certain predetermined value. 


Charles M. Young, chief engineer of the Jeffrey-DeWitt 
Insulator Company, Kenova, W. Va., died on January 31, of 
blood poisoning. Mr. Young was only thirty years of age, but 
was responsible for many improvements in the manufacture of 
high tension insulators. He designed most of the automatic 
machinery for forming Jeffrey-DeWitt insulators, made improve- 
ments in their mechanical strength, designed a combined ten- 
sile and electrical testing machine for final tests, and made many 
other valuable and permanent contributions to the suecess of 
this product. 


